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An Introduction 



Most people take the sun» the moon» and the stars for granted and leave them 
to those bearded old men who, they imagine, spend their nights gazing at 
the sky through telescopes. It will come as no surprise to you that there arc 
very few bearded old men who spend whole nights at a telescope. Gazing 
through any telescope gives very little knowledge about the stars. Instead, 
astronomers, many of whom are very young» do much measuring of direction 
and angle, of light intensity and color, and of other qualities of celestial objects. 
You may have a student in your class who will think of you ten years from 
now while he stands beside the largest telescope in the world and photographs 
the spectrum of an object at the edge of the known universe. 

In the meantime, all of us have been jolted out of our solir arth com- 
placency by two very startling phenomena. In 1947, the first reports of **flying 
saucers** appeared. The believers and unbelievers are still trying to be as 
convincing and scientific as possible, but we ail want to know if and where 
the saucers were seen and where they came from* In 1957, artificial satellites 
were first put in earth orbit. They stirred up the whole world to a conscious 
r^x>gmtion that man is advancing beyond his own planet and that nations 
will compete for dominance in space. People who once confused astronomy 
with astrology now expressed interest in leanung more about the sky and the 
objects in it. They wanted to know how large and how far away these bodies 
were and how fast they traveled. After ail, perhaps everyone could have his 
own **saucer** for transportation, or could take a trip into space in a satellite. 
This desired knowledge of size^ separation, and speed is really concerned with 
distance measurement in one form or another. 



DISTANCES IN THE SKY 

Wc have trained our eyes to estimate distances immediately around us. This 
is part of the skill needed in threading a needle. Furniture m a room helps 
with depth estimates because the sizes of chairs» tables* and pictures are 
familiar. In the open, wc need familiar objects for reference. Wc know some- 
thing about the height of a building bv comparing it with automobiles on 
the street, or about distance when wc sec a house with a door or a wmdow. 
But we can be fooled by a toy auiomobiie or a dollhousc if there arc no other 
objects for companson T 3 
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For the sun and the nKH>n. we have no familiar objccis for comparison. 
We see them as bright disks in the sky. apparently of about the same size. 
T hev both subtend an angle of about r with the eye. If apparent size were 
an indicator of distance, ne might argue that if it took three days to put a 
probe on the surface of the mwrn. we could pui one on the sun in three days, 
too But vhen either one appn niches the horizon, where there are objects for 
comparison, we experience the common illusion of an enlarged appearance. 
Size, then, is a poor indicator of distance. 

Part of our skill in estimatins distances is due to having two eyes, set some 
distance apart. The angle that^our eves form with an object gives our brain 
a clue about the depth. As the di.stance from an object becomes greater, the 
angle formed by the lines of sight from our two eyes becomes smaller. At 
1 meter, the hnes of sight form an angle of about 4" with an object. At 10 me-- 
tcfi. the angle has decreased to ^"i at 100 meters, it is only about 0.04° and 
has bewme^o.. sniaL' to give reasonable clues to the brain. But even though 
our eves cannot be depended on for the measurement of large distances, the 
principle can be used in astronomy. Astronomical measurements can begm, 
for examp'*:. with the length of the arc on the surface of the earth subtended 
bv an aagle of 1° at the center of the earth. This measurement makes it 
possible to calculate the earth s radius. The earth's radius subtends an angle 
at the moon. From that angle and the radius of the earth, w.^ can find the 
dimensions, in miles, of our natural satellite. 

The distance between your eyes could be called a "base line" for measunng 
distances. Bv making the base hne longer, the pnnciple can be applied to 
terrestrial arid celestial measurements. Surveyors cse base lines when they set 
up the boundaries for properties and for whole continents by triangulation. 
The Mason-Dixon Une between the states of Maryland and Pennsylvania was 
the result of one of the earliest surveys, using a base line measured by Charles 
Mason and Jeremiah Dixon. 

The base line can be increased from hundreds of miles on the earth s surface 
to the diameter of the earth. But distances are so reat in astronomy that 
even this is too short for precise measurements of the distance to the sun. 
By using radar, however, an accurate distanie to Venus can be determined, 
and now the base line can be extended to millions ol miles. Neither the sun 
nor any other star can act as a reflector U>t the radar pulses, but an accurate 
.sun distance can be determined by using the earth-Venus base line. 

This distance from the earth to the sun -or. more specifically, the mean 

radius of the earth's orbit around the sun is called the astronomical unit. 

In popular terms, it is known as the astronomer s yaidstick. When observations 
of a star are n.ade from opposite ends of the earth's orbit, the base Une 
becomes two astronomical units. Distances to the nearer stars can be found 
by ujing this known base hne (about 186 .nillion miles) and the angle that 
It subtends to the star. 

Hold a pencil at arm's length from y(Hir eves, and sight at a distant object. 
Close first one eye and then the other. 1 he pencil seems to shift position in 
relation to the distant object. This eflcct is called parallax and can be used 
to {md the angle that the base line subtends to the star. Half of this an^lc 
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and vx astronomical unit from the sun to the earth form the necessary parts 
to a right triangle^ the solution of which givts the distance to the star. 

The path of the solar system as it swings in a huge orbit of its own can 
provide a still longer base line. However, for any but the nearer stars in oui 
galaxy, the parallax method soon loses all accuracy. Yet we talk about galaxies, 
nebulae, and quasars millions of times farther away. To see how we can do 
this, we need to look at another tool of the astronomer. 

LIGHT FROM THE SKY 

Of man's five senses, sight s by far the most important for the astronomer. 
All the distance measureme* is that have been discussed so far are dependent 
directly or indirectly on tht perception of radiant energy. And all radiant 
energy, of which visible light is a small part, travels from its source in a way 
that can give the astronomer further information about the distance and other 
characteristics of the body. 

Light from a tiny candle or a star is sent out in ail directions in an expanding 
sphere. The only way in which this energy of a star becomes weaker is by 
the increasing size of the sphere, or in other words, by being spread over a 
greater area. The apparent brightness of a star is dependent on the radius 
of the sphere of its energy at the point at which it is observed. 

From the earth we observe the sun at a point on a sphere whose radius 
is one astronomical unit. AH radiant energy travels at 186,000 miles per second, 
so the light from the sun reaches us in about 500 seconds, or a little more 
than 8 minutes. The sphere of the nearest star has a radius of 270,000 astro* 
nomical units, or 4.3 light-years. One light-year is the distance light travels 
in one year— about 6 million million miles— another way of measuring dis- 
tance. The sphere of energy surrounding a galaxy with a radius ot billions of 
light-years is almost beyond comprehension, but if the galaxy is visible, the 
shell of energy has reached the earth. 

The ener^ or light measured on the earth will depend on the area of the 
energy shell intercepted for obseivation. The eye intercepts a circular area 
about 5 mm in diameter. This is a very tiny part of a sphere whose radius 
is one astronomical unit. It is a still smaller portion of a sphere from the nearest 
star. At a certain level of energy, the eye fails to see any light, so we gather 
more energy from the stars by using larger areas, such as telescopes. The 
20O*inch Hale telescope can intercept more than a million times the energy 
picked up by the human eye. For that reason, it allows us to see stars that 
are a million times fainter. 

The little pyrheUometer, or sun-energy measurer, used by the student is 
a typical device for measunng the unit power from the sun or a star. The 
area of the copper strip represents a portion of the energy sphere. The thcr 
mometer indicates the rate, in degrees per minute, at which energy is absorbed 
by the copper strip. From these data, the energy unit for the sun, called the 
solar constant, can be found. Using the area of the sphere and this solar 
constant, the total energy per second, or the wattage, of the sun can be calcu* 
lated 
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Light fr»m the sun or a star can carry other messages besides energy. When 
the spectrum is examined with a spectroscope, the resulting colors can give 
important clues about temperature. The brighter the red end of the spectrum, 
the cooler the photosphere, or light-produang surface, of the star. The brighter 
the blue end, the higher the temperature of the star. 

Stars can be classified by size and temperature in comparison with the sun. 
Once this comparison is made, the total power is known. By using thi: power 
and the energy-sphere concept, the problem can be worked in reverse and 
the distance to the star found. Thus, distances far beyond the paraUax limit, 
and not dependent on base lines, can be determined photometrically. 

Careful examination of the continuous spectrum of the sun with a good 
spectroscope reveals hundreds of dark lines interspersed with the colors. When 
the spectroscope is pointed a: glowing hot gases or vapors of the separate 
elements, bright colored lines appear that can be matched with the dark lines 
m the solar spectrum. Thus, the spectrum of a siar can tell us something about 
its composition by the "fingerprints" of the elements that appear. The dark 
lines are caused by the subtraction of discrete lines of color from the continu- 
ous spectrum by the gases through which the lijzht passes; hence these spectra 
are caUed absorption spectra, and show the presence of specific elements in 
the "atmosphere"' in the path of the Ught. One element, helium, was discovered 
in this way on the sun before it was found on the earth. 

The spectroscope can convey much mo'e information, including the relative 
motion in the line of sight, the rotation of the body, the magneUc fields, aiid 
many other features of stars. The spectroscope is a veiy important tool in 
astronomy and, coupled with the known laws of the behavior of light, can 
supply information about size .md relative age of a star that to the present 
time cannot be found in any other way. 

INVERSE SQUARES IN THE SKY 

The expanding-sphere concept of light propagation can help iUustrate one 
of the basic laws underlying science. The area, of a sphere equals 4irA If t, 
the radius of the sphere, is one unit (one meter, one astronomical unit, or 
whatever), then the Ught falls on a sphere whose total area is square units. 
If the radius of the sphere is increased to two units, then the total area of 
the sphere becomes 47r x 2^, or \tit square units. Triple the radius of the 
sphere, and the total area is equal to 477 x 3^. or 36ir square units. This means 
that the same amount of light will be spread over 4 times or 9 times as much 
area. The light per unit area, then, will vary inversely as the square of tbe^^ 
distance from the source. Twice as far away means \ as much light; three"' 
times as far. the light drops to ^ as much. 

This inverse-square law underlies several of the great forces in nature as 
well. The gravitational attraction of two bodies varies this way. If the distance 
between them is doubled, the force of attraction is only \ as much. The orbits 
of all heavenly bodies (and of man made satellites) arc controlled by this 
relationship. The pull of the earth on the moon, at a distance of about 60 
earth radii, is only as much as 11 would be on a like body at the earth's 
surface 
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The forces of magnetism *inJ electrostatics behave the sane way. Two 
charged bodies will attract or repel each other, depending on their charges, 
in an inverse proportion lo the square of* the distance between them. Magnet- 
ism and electrostatics are not in the subject matter of this unit, but when 
the student doubles the distance between a light source and the energy- 
measurer, only \ as much temperature change should result, 

0RB11S IN THE SKY 

Even though the force of gravity between the earth and the moca is only 
a small fraction of what it would be if the moon were much closer, the pull 
on the two massive bodies is tremendous. Why, then, a student may ask, does 
the moon continue to circle instead of spirahng into the earth's surface? What 
other forces are present that affect its observed behavior? And, of course, 
similar questions could be asked about the earth and the other planets as 
they orbit around the sun. 

Galileo, ind later Newton, stated some rules that apply to all bodies at 
rest or in motion. One of the-e has to do with a property called inertia. Simply 
stated, it says that a body at rest tends to remain at rest, and a body in motion 
tends to remam in motion in a straight line, unless acted upon by an external 
force. So the moon, in motion around ihe earth, tends tc travel at all times 
in a straight line. Now the question, if you had no prioi' knowledge of the 
situation, would be, **Why, then, doesn't the moon travel m its straight line 
and fly off into outer space?" 

But you have already heard of an external force— one that varies inversely 
as the square of the distance. It acts inward, tow^ard the earth, at a right angle 
to the instantaneous straight-Hr.e motion of the moon. At the moon's distance, 
this gravitational attraction is just sufficient to deflect the moon continually 
from its straight-line path into ils curved o'-bit around the earth. Thus it is 
also with the earth and the other planets, and with all other orbiting bodies. 

What, then, is this curved path that is followed bv orbiting bodies? There 
was no doubt in the minds of the early scholars on this point. A perfect circle 
was the only path befitting a celestial obj'^ct. Of course, they also believed 
the only appropriate center for al' the circles v/as the earth, and so the sun, 
moon, the known planets, and all the stars revolved around this terrestrial 
ball. To behevc this about the sun and moon caused little difficulty. But ihe 
apparent paths of the planets ^•-'cre so erratic that complicated models of 
eccentric arms moving around mvisible points in space became necessary to 
explain the motions By a.d. 150<X Mais required :.5 of these eccentric arms, 
or epicycles, to make the model work. 

Copernicus revolunonized astronomical ihmkmg by placing the sun at the 
center of the orbit circles for the planets. By usmg onlv one or two eccentrics, 
he was able to make his model fit all the observations. The moon revolved 
around the earth in a perfect arcle. and ihe earth in turn made a perfect 
circle around the sun. It is mterestmg to note uiat, without instruments, wc 
today would have a ditf,cult time proving that the distance to the sun and 
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to the moon is subject to change, or in other w<,rds. that the orbits of the 
t^oon and the earth are not perfect circles, fclcscopic o^--—^^^]^'^^ 
at the Naval Observatory in Washington, however, show a change m the 
apparent size of th sun. moon, and the planets. Either these heavenly bodies 
are changing m size, or thev are changmg in distance from the earthy 

Kepler! using the careful observations of his mentor Brahe, draded that 
the distances must change. He postulated three laws that went a long way 
toward solving the remaming difficulties of the Copemican model. Bnefly 

stated, they are as follows: ,ii;«c- 
i Planet, move in elliptical orbits, with the sun at one focus of the ellipse 

2. The line joining the centers of the sun and a planet sweeps over equal 
areas in equal time intervals. 

3. The cube of the mean distance from the sun divided by the square of 
the period is the same for all planets. 

The first law explams why the apparent si7.e of the sun (and the ^^^^^^ 
the law also appUes) is variable. The second law gives a reason for an obscrva- 

fon made by Hipparchus. a Greek astronomer in the second «nt"ry B^l. He 
noL that the number of days from the first day of spring to the fim day 
of fall was greater than the days from autumn to spnng again He reasoned 
:hat the relLe motion must be slower in the summer (or that the disumce 
traveled was greater in the summer). The third law gives a scale to the solar 

ys^em because T. the period m years, is directly observable, either tota^ 
oHn part! and R, the mean distance in astronomical units, can be computed 

Tprobably 'should be pointed out that gravity requires a body to move 
in an orbit that can take only four shapes. They are caUed -mcjcuon^ 
because they are formed when a cone is cut ,n any one of ^i^^^ 
by a plane. If the cut is parallel to the base, the conic is -f^^'^f^^'^^^ 
is cut above the base but not parallel to it. an ellipse «s,formed. f the 
I parallel to one edge of the cone, a parabola results; a cut paraUel to the 
axis of the cone gives a hyperbola. j 4. 

Which of the orbits a body will follow is determined by ^l^P^f^ '^\^' 
slowest possible speed, the orbit is a arcle Any speed from to U tone* 
as much results m an ellipse. If the speed is m;reased beyond th^ poi^^^^ 
parabola results, and the body escapes the gravitational ^ °nhe attrac^ 
body If it moves still faster, a hyperbolic orbit is formed. Only m the ^ 
of a circle and an ellipse will the orbit continue around the attractmg body 
in a closed path. 

RELATIVITY IN THE SKY 

There is no stationary platform from which we can make measurements. When 
v-e observe the apparem motu ns of celestial objects, we have to remind 
ourselves that we are on a rotating, revolving rarth that is travelmg through 
space as a part of a moving solar system, which in mm is moving m a galaxy. 
Add to these mouons the slow precession of the earth on its axis, and there 



is little wonder that the rincients had ditticuliy in detcrmmmg which body 
was indeed doing the traveling. 

Fortunately, the astronomical distances ate so great m relation to the speeds 
of thes'^ various motions that we need concern ourselves only with a rotating 
and revolving earth tor our work m this unit. But even here there is cUfficulty 
in deciding which of the relative motions can be attributed to a particulai 
body. The principal argument foi the acceptance of the Copemican model 
of a heliocentric syuem was that it simplified the explanation of the observa- 
tions. When Galileo built a teles. >pe and discovered moons revolving around 
Jupiter and obserxcd the changing phases of Venus, he tell that he had some 
proof for the theory of Copernicus. 

The underlying idea of Emstein's General ITieory of Relativity can possibly 
sum up the problems of all ihcsc inuiioi^s. In c^schct* it says that wt can 
measure the motion of an object only relative to other objects; there is no 
such thing as absolute motion of a body relative to space. In appearance, it 
makes little difference whether the earth is stationary, with the moon and sun 
revolving around it in varying paths; or whether the sun is stationary, with 
a rotating earth and its revolving companion moon both revolving around it. 



AN OVERVIEW 



As the student begins this unit, ht is confronted with the questi-^n "How do 
astronomei get accurate information about objects like the moon and the 
planets witliout actually going to them?*' Since the sun is the most available 
stellar body for the student to observe, he begins his study of this question 
by trying to make measurements of the sun. 

His first observations involve the spectroscope. From it, he learns that the 
sun gives off a continuous spectrum of light except for a few dark Fraunhofer 
lines* These, he learns, result from sunlight passing throug^^ an atmosphere 
around the sun. By observing both the dark-line (absorption) spectra of the 
sun and the bright-line (emission) spectra of several elements* the student is 
led to the conclusion that it is possible to predict from sunlight the presence 
of specific elements in both the core and the atmosphere of the sun, i ,\d that 
this is also possible with other stars. 

These observations with the spectroscope Lad the student to the need for 
a more accurate and convenient temperature measurer— a solar-energy meas- 
urer. The student builds this solar-energy measurer (which the astronomer 
calls a pyrheiiomeeer) out of copper, a thermometer, and candle soot. With 
it, he Irxains that he can measL'i^r the wattage of a radiating source of heat 
and light if he knows the distance of the source from his measuring device. 
If he doesn*t know this distance, the student finds he can only express the 
heating effect cf a source in term: of its equivalent heating effect relalive to 
a known wattage source at a specified distance from his solar-energy measurer. 
In the case of measuring the wattage of the sun. the student recognizes that 
be must first determine the distance from the earth to the sun. 
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In exploring possible methods of mca iuring the distance of objects too fa' 
away to measure by direct means, the student begins by examinmg a range 
finder as used in a camera as a possible method. The method fails, but the 
student learns that a much larger base line and sighting angle hold promise 
for solving his problem. He then uses the radar distance to Venus of 26 million 
miles as a base line and constructs a scale drawing of the earth, the sun and 
Venus when Venus is in a position of maximum angular separation (46') from 
the sun as seen from the earth. Using his scale drawing, the student tbtn 
determines the distance from the earth to the sun to be about 93 mUUon miles. 

Using a pinhole and a translucent screen, the student develops a mcihoa 
of measuring the size of an object. He uses the distance from the object to 
the pinhole and from the pinhole to the screen and the size of the image 
projected on the screen. With his newly found distance to the sun and a solar 
image of *-cm diameter, he finds the diameter of the sun. 

Next the student uses the angular change in the shadow of an object to 
compute the sun's apparent speed in the sky. In doing this, he also discovers 
the relativity of the solar motion and the effect on the system of time that 
IS used. He observes the apparent path of the sun, and tries to determine 
if It is the same every day. 

The student now returns to the question of the power of the sun. He appbes 
his earlier rinding of how the wattage of a source increases with an increase 
m distance to produce the same heating effect on a surface. The student then 
uses his own measurements to compute the power of the sun. 

The unit concludes by summarizing the methods employed by the student 
to make inferences about the sun, including its power, distance from the earth, 
and composition. The sludent is then given data about other stars and is asked 
to make as many of his own inferences as he can about them. He also uses 
the .same method that he used with Venus to determine the nearest distance 
from the earth to Mercury. Using this distance and other data that he found 
earlier, he finds the diameter of Mercuiy. 

GENERAL INFORMATION 

Each chapter of the Teacher's Edition contains an equipment list for that 
chapter. The same is true for each excursion. In addition, the last page of 
each chapter alerts you to preparations necessai7 for the following chapter. 
Among the materials listed will be some items that must be supplied locaUy. 
For Chapter 1, th-rse include scissors, string, white paper, a fluorescent Ught 
source, glasses or baby-food jars, matches, distilled water if necessary, and 
colored pencils or crayons if desired: for Chapter 2. paper dips and matches; 
for Chapter 3, manila folders or cardboard and white paper; for Chapter 4, 
beans or other small objects; for Chapter 5. cardboard, scissors, single-edged 
razor blades, and a needle or other pointed mctrument, for Chapter 6. card- 
board, string, white paper, and scissors In addition, glasses or baby-food jars 
are needed for Excumon 1-1. and while t irdboard for Excursion 5-1. You 
will note repeated use of cardboard, so tablet backs, cardboard shirt -stifTeners, 
thin cartons, or cut-up boxes should be stockpiled. 
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GET IT READY NOW FOR CHAPTER 1 

y >u will prooably want to have the spectroscopes assembled, the alcohol 
bibers filled, the nichrome wire cut into tO-cm lengths and the ISO-watt bulbs 
in their receptacles. Depending on your room facilities, you may have to make 
provision for extension cords to go to the neaiest wall outlet. For dispensing 
the three salts, set up a system that will minimize contamination. The source 
of fluorescent light should be identified. Make a test of your tap water in 
a flame to see if any appreciable color resui^s; if it does, you may want to 
use distilled water (not much is required) wi^ih the salts. 

It would be advisable to spend some time ^th the class on alcohol burner 
safety rules. Reasonable care in handling will guard against accidents. A 
suggested list (you can probably think of more) might include the following. 

1. Avoid refilling burners in an area where they are being used or near 
any open flames. 

2. Do not cany a lighted burner around the room. 
3* Avoid working over lighted burners. 

4. Use care to avoid tipping the burner over. 

5. Do not get the end of the spectroscope so close to the burner that damage 
results. 

6. Do not fill burners more than half to two-thirds full. 

7. Extinguish and cap a burner when it is not in use. 

Pails of sand, fire extinguishers, and a fire blanket shov^ld be standard equip- 
ment in every room, and the students should be instructed in their u.^. At 
this same safety session, it might be wise to reinforce the cautions in the text 
against looking at the sun, either directly or through any instiument. 
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Foreword 



A pupa*s experiences between the ages of 1 1 and 16 probably shape his 
ultimate view of science and of the natural world. During these years 
most youngsters become more adept at thinking conceptually. Since 
concepts are at the heart of science, this is the age at which most stu- 
dents first gain the ability to study science in a really organized way. 
Here, too, the commitment for or against science as an interest or a 
vocation is often made. 

Paradoxically, the students at this critical age have been the ones 
least affected by the recent effort to produce new science instructional 
materials. Despite a number of commendable efforts to improve the 
situation, the middle years stand today as a comparatively weak link in 
science education between the rapidly changing elementary curriculum 
and the recently revitalized high school science courses. This volume 
and its accompanying materials represent one attempt to provide a 
sound approach to instruction for this relatively uncharted level. 

At the outset the organizers of the ISCS Project decided that it 
would be shortsighted and unwise to try to fill the gap in middle 
school science education by simply writing another textbook. We chose 
instead to challenge some of the most firmly esublished concepts 
about how to teach and just what science material can and should be 
taught to adolescents. The ISCS staff have tended to mistrust what 
authorities believe about schools, teachers, children, and teaching until 
we have had the chance to test these assumptions in actual classrooms 
with real children. As conflicts have arisen, our policy has been to rely 
more upon what we saw happening in the schools than upon what 
authorities said could or would happen. It is largely because of this 
policy that the ISCS materials represent a substantial departure from 
the norm. 

The primary difference between the ISCS program and more con- 
ventional approaches is the fact that it allows each student to travel 
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at his own pace, and it permits the sc<,pe and sequence ol instruction 
to vary with his interests, abilities, and background. The I SCS writers 
have svstematicallv tried to give the student more of a role deciding 
what he should study next and how soc ^ he should study it. When the 
materials are used as intended, the ISCS teacher serves more as a 
"task easer" than a "task master." h is his job to help the student 
answer the questions that arise from his own study rather than to try 
to anticipate and package what the student needs to know. 

There is nothing radically new in the ISCS approach to instrucUon. 
Outstanding teachers from Socrates to Mark Hopkins have stressed the 
need to personalize education. ISCS has tried to do something more 
than pay lip service to this goal. ISCS' ma^or contribution has ocen to 
design a system whereby an average teacher, operating under normal 
constraints, m an ordinary classroom with ordinary children, can in- 
deed give maximum attention to each student's progress. 

The development of the ISCS material has been a group effort from 
the outset. It began in 1962, when outstanding educators met to decide 
what might be done to improve middle-grade science teaching. The 
recommendations of these conferences were converted into a tentauve 
plan for a set of instructional materials by a small group of FlonCa 
State University faculty members. Small-scale writing sessions in- 
ducted on the Florida State campus during 1964 and 1965 resulted m 
pilot curriculum materials that were tested in selected Flonda schools 
during the 1965-66 school year. All this preliminary work was sup- 
ported by funds generously provided by The Florida State Umversity 
In Jut.e of 1966, financial support was provided by the Umted States 
Office of Education, and the preliminary effort was formalized into 
the ISCS Project. Later, the National Science Foundation made sev- 
eral additional grants in support of the ISCS effort. 

The first draft of these materials was produced in 1968, dunng a 
summer writing conference. The conferees were scientist, sacnce 
educators, and junior high school teachers drawn from all over the 
United States. The original materials have been revised three times 
prior to their publication in this volume. More than 150 wnters have 
contributed to the materials, and more than 180,000 children, in 46 
states, have been involved in their field testing. 

We sincerely hope that the teachers and students who will use this 
material will find that the great amoum of time, money, and effort 
that has gone into its development has been worthwhUe. 



Tallahassee. Florida 
February 1972 



The Directors 
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Notes to the Student 



The word science means a lot of things. All of the "^""i^g^^^^'^'^Shj'^ 
but none are complete. Science is many things and is hard to <Jc- 

scribe in a few words- j u ♦ 

We wrote this book to help you understand what science is and what 
scientists do. We have chosen to show you these ^^.^"g^^.^^^f 
describing them with words. The book descnbes a series of things for 
you to do and think about. We hope that what you do h^^P " 
learn a good deal about nature and that you will get a feel for how 
scientists tackle problems- 
How is this book different from other textbooks? 
This book is probably not like your other textbooks. To "lakc any 
sense out of it, vou must work with objects and substances. You should 
do the things described, think about them, and then answer any ques- 
tions asked Be sure you answer each question as you come to it 

The questions in the book are very important. They are asked for 
three reasons: 

1 To help you to think through what you see and do. ^ 
1 To let you know whether or not you understand what you ve done. 
3'. To give you a record of what you have done so that you can 
use it for review. 

How will your class be organized? 

Your science class will probably be quite different from your oOier 
classes This book vvill let vou start work with less help than usud 
ryour teacher. You should begm each day's work where youjcft 
off the day before. Any equipment and supplies needed will be wait, 
viil ing for you. 



Your teacher will not read tc you or tell you the things that you are 
to learn. Instead, he will help you and your classmates individually. 

Tty to work ahead on your own. If you have trouble, first try to 
solve the problem for yourself Don't ask your teacher for help until 
you really need it. Do not expect him to give you the answers to the 
questions in the book. Your teacher will try to help you find where 
and how you went wrong, but he will not do your work for you. 

After a few days, some of your classmates will be ahead of you and 
others will not be as far along. This is the way the course is supposed 
to work. Remember, though, that there will be no prizes for liuishing 
first Woiic at whatever speed is best for you. But be sure you under- 
stand what you have done before moving on. 

Excursions are mentioned at several places. These special activities 
are found at the back of the book. You may stop and do any excursion 
that looks interesting or any that you feel will help you. (Some ex- 
cursions will help you do some of the activities in this book.) Some- 
times, your teacher may ask you to do an excursion. 

What am I expected to learn? 

During the year, you will work very much as a scientist does. You 
should learn a lot of worthwhile information. More important, we 
hope that you will learn how to ask and answer questions about 
nature. Keep in mind that learning how to find answers to questions is 
just as valuable as learning the answers themselves. 

Keep the big picture in mind, too. Each chapter builds on ideas 
already dealt vith. These ideas add up to some of the simple but 
powerful concepts that are so important in science. If you are given a 
Student Record Book, do all your writing in it. Do not write in this 
hook. Use your Record Book for making graphs, tables, and diagrams, 
too. 

From time to time you may notice that your classmates have not 
always given the same answers that yo»i did. This is no cause for 
worry. There are many right answers to some of the questions. \nd 
in some cases you may not be able to answer the questions. As a 
matter of fact, no one knows the answers to some of them. This may 
seem disappointing to you at first, but you will soon realize that there 
is much that science does not know. In this course, you will learn 
some of the things we don't know as well as what is known. Good luck! 



EQUIPMENT LIST 
Pi^r etudent team 

1 spectroscope 

1 sheet of white paper 

2 pegboard backs 
1 alcohol burner 

1 medicine dropper 



per class 

1 Incandescent light source (iSO^watt bulb 

In receptacle) 
1 fluorescent light source 
Distilled water (If necessary) 
Strontium chloride 
Sodium ohloride 



I Jthium chloride 
Methanol (tor burners) 
Matches 
Scissors 

Crayons or colortd peiicils (optional) 
3 petri d'shes (for "unknov;ns"\ 
3 lO-cm lerigths ol nichrome wir ) 
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3 petrl dishes 

3 10-cm lengths of nlchrome wire 
3 3«cm lengths of masking tape 
•: 1 glass or baby-food jar 
2 ;;o-cm lengths of string 

Excursion 1- i is keyed to this chap^f 

Space probes have photographed the surface of Mars and 
of the moon. The Mariner space probes actually sampled 
the atmosphere of Mars, while the Surveyor space probes 
ample the soil of the moon. Now men have walked on the 
moon^s s/xface and brought back rock samples and detailed 
hotographs. It may surprise you to learn that these develop- 
cnts have led to few unexpected results. Most of the infor- 
ation collected supported what astronomers already be- 
'cvrd'How did astronomers get such accurate information 
bout objects like the stars, the moon, and the planets without 
lally going to them? This is the question you will tackle 
this unit. 

ince you are in school during the day, a good place to 
fisAto study the sun and measure some of its charac- 
^C^Some of the questions about it that you should try 
er, include these: 

It is the sun made of? 
Ojv.much energy does the sun give off? 
owjcan the distance to the sun be measured? 
^i^Jarge is the sun? 

'can the motion of the sun be described? 

ay^f think you can answer some of these questions 
:aps, for example, you've read somewhere how 
thc.sun/ But remember, you should also learn 
icnts of the sun are made. Finding out will 
thought than simply looking up a number 
S^'you know how to find such answers, you 
^gate celestial objects on your own. 



CHAPTER EMPHASIS 

The stucieni is introduced to the use of the 
soectroscope and the ways in which it aids 
in making mlerenceb about the compos'Mon 
of light sources. 




MAJOR POINTS 

1 A spectroscope spreads light into its com- 
ponent COIOfS. 

2 A diffraction grating is the part of the spec- 
Iroscope that spreads the light 

3. Sunlight and incandescent bulbs form a 
continuous spectrum 

4 A fluorescent lamp forms a continuous 
spectrun With bright lines on it 

5 Different elements, when heated to incan- 
descence, show specific bright imes of color 

6 Bright tines of particular colors in the 
spectrum can be used to predict the presence 
of definite elements m a substance. 

? The prosonce of helium was first suspected 
by the spec. lie lines formed m the sun s spec- 
trum 
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*^On'the next page, students begin usmg tne 
'6peSroSe3.^oa will probably want to 
hate thrm assembled. w,th the gratings and 
Sllti in pTace. Ttils will avoid the danger of 
!udents getting fingerprints on the piastic 
SraX dSrlng assembly Fingerprints t.nd to 
?S down the efficiency of the spectrosrope. 
Warn students against touching the plasty 
Zore ihey begin using .t. ^'«"?9'^^f" ^ 
Cleaned with metha-.ol (burner alcohol) and 
a soft Cloth o, cotton. Do ^^'^J .^-"//J 
aratings are supplied in the k t. anO m the 
even? that cleaning will not 3uff.ce. you wlU 
Save to install a new grating. A student who 
Sannot distinguish colors will be at a disad- 
vantage. If you have studer.;s who are cdor- 
b^nd. warn therr, up with ones ^ho are not^ 
But be sure that It is not just a case of look ng 
for the spectrum i.i an incorrect '"anne . The 
Xdent may only need a uttle add.t.or-.al help 
tn using the spectroscope. 

Although it is not necessary tor the student 
fo know the lainbow is produced m a som». 
what dmeren-. manner than the spectrum from 
a dSraction grating is produced, in a rambow 
?he dlfferentral bending of the colors of I gh 
as they pass from one medium to another 
fwa^er d?ople-8 to a.r) m a process cai.ed 
^fraction forms the color ^P«ctrum in he 
aratmg. light is d.ffracted-spread out-as it 
passes through thousands of tim- slits, and a 
color spectrum is formed. 



Getting started 

.1;.,,. it thd sun is cotisUntly 

senJ lrvou ^n'onn uon ahau; itself. Unlo.tunalcly, you 

\X Z fonn of l.gh.. FiE"rn.g ou. whal U tdk you aboul 
the sun is raihcr like cracking a cocle. 
^'one or the ways to read sunltghi is to obs^^^^^^^ how ^ 
behaves when it passes through certain "^^^^-"^ ^ ^"^/^ 
probably seen an example of this after a rainstorm. Light 
nassine through droplets of rain at a cerlam angle iS broken 
S a series of colors. Most people call the result a ram- 
bow. Scientists call it a spectrum. 



CHAPTER 1 




6 



Begin your study of the sun by looking carefully at the 
spectrum formed when its light passes through a device called 
a spectroscope. Before you start, however, here is an impor- 
tant warning. 

Safety Note fsiever look directly at the sun through any instru- 
ment or with your unaided eye. This can cause serious datnage 
to your eyes. 
I" 

Pick up a spectroscope from the supply area. Be carefut 
not to touch the plastic disk in the eyepiece. The oil from 
\ your skin can soil the disk and ruin the spectroscope, 

ACTIVITY 1-1. Lay a sheet of whtte paper In a patch of direct 
•unllght. (Thia is a safe way to observe sunlight without look- 
ing directly at the sun.) Point the stit end of the spectroscope 
toward the paper with the slit pointing up and down. Hold the 
eyepiece snugly against your eye. 

spectroscope 



iUuUonts nvty nuuce a *.oc()n(f M><JCtuim far- 
trior out on i»ofh sidus. This mjy tond to con- 
fuse then Actually it is spread out wider and 
IS much diminor than the prmnary spectrum, 
but pll the coloHi are in the same order. The 
fnct that Jt IS spread out wider tends to make 
the separate colors more discernible 

1-1. Ansvyors will vary according to visual 
acuity and care in observation. Red. orange, 
yellow. gr«>en blue, violet (or more or less) 
should be named. The student can begin at 
either end ol the spectrum, but the order is 
Important. 




Sunlight 



Hold like this. 



not this. 



■X. 



Slit and 



z:2 



CriVITY 1-2. As you look through the spectroscope, look 
th« tide of the tube until you see a rainbow (spectrum) 
ty. TUrn the eyepiece without turning the slit until the 
m if at wide as you can make it. 



Spectrum 





Keep steady 



Spectrum 



_m.;the- order you see ihem, as many colors of 
1^ sunlight as you can. If you *ook sharply, 
'^"Mc.to see several. 

vt,. 




1-2 The order ot the tisl of colors shouid be 
tha same or exactly reversed. The number a 
colors listed, however, -nay wet) vary. It wou.d 
orobably be po««ble \q list a large numt.er of 
colors depending on mo gradafior..^. ror Itv 
stance, in the co'or system dev.sed by Alba 
Mun=ell. there are 20 d.H^rsnt colors whu:'^ 
he calls hues When deg-ees of »>r'9Wties8 
and richness of colo. are considered, ho 
rosuit is 427 different color samples in the 
system. 



Conipare your list of colors with the spccu um photograph 
in Figure l-l. 

□ 5-2. How do the number and order of Yi)ur list of colors 
compare with those in the photograph (fngure 1-1)^ 





1 




0^ 




If the photograph looks dillerent ironi the spectrum y u 
saw in the .spectro.scope, try the expcrmient ^ V 

till have trouble, ask your teacher or a classmate for help. 

ACTIVITY 1-3. Remove the eyepiece and the slit end from the 
spectroscope. Experiment with them until you can answer 
question 1-3. 



1-3 The plastic disk (dittractson grating) is 
the primary cause. Using just the '^''S'^' ^ 
. ^7ather broad, faint spectrum is v.s.b e when 
/ one looks toward a light source (but no to- 
ward the sun). Students may albO no e a 
spectrum formed when light .s reflected from 
the disk. The same effect can be -noted when 
; •• light reflects off an LP record, if you have one 
handy, you might want to snow this to them. 
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Plastic disk Slit 

"^^Be careful w kc your fuiger off the plasnc disk in the 
eyepiece. 

ni-3. Which causes the spectrum to appear, the plasuc disk 
or the slit? How do you know? 

The plastic disk is called a ditVraction grating. Thousands 
of tiny parallel lines have been marked on it. These lines 
cau e the light to spread out into the color spectrum you ve 
seen This kind of spectrum is called a contmuous spectrum 
because one color a)ntinues right into the next. 

Using the spectroscope 

Earlier, it was said that sunlight carries information about 
ihe sun. Now you've seen that sunlight can be spread out 
n o a spectrum. Can the spectrum from sunlight tell you 
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something about the nature of the sun? Is the sun like other 
sources of light? Perhaps the spectroscope can help you find 
out. 

Somewhere in your classroom your teacher has set up a 
glowing light bulb. Carry your spectroscope to this area and 
use it to look carefully at the light from the bulb. 

□ 1-4. In the space provided in your Record Book, list the 
colors in the order you see them in the spectrum produced 
by the bulb. If you find any differences between thir spectrum 
and the one produced by sunlight, list them. Look especially 
■ for different es in how strongly certain colors show up and 
for any bright or dark lines. • 

., Ql-S. Next, use your spectroscope to examine the light from 
a fluorescent tube. Once again, list the colors in the spectrum 
\^f>m the order you see them. Also, describe any differences 
't-rt.between the spectrum from the fluorescent tube and the 
^spectrum formed by sunlight. 

Si. iii' ■ 

I* If you made careful observations, you should have noticed 
MSome bright lines in the fluorescent-tube spectrum that you 
[didn't see either in the si'n's spectrum or in the spectrum 
Ifrom the light bulb. Also, some of the colors may have shown 
lup more clearly in one spectrum than another. What do these 
ImfTerenccs mean? 
^To find out, you'll need to work with a partner. You will 
[be using the spectroscope to look at the light given otT from 
"icated substances. Therefore, you will need to work in scmi- 
rkness. If a part of your room cannot be darkened, then 
; your..own work space as shown in Activity 1-4. 



String 



use the two 10-cm pieces of 
the vertical ^^egboard backs to- 



l\|n|TY i«4* Set up two pagboard backs as shown. Put 
^plece of pegboard or other nonburnabie shield across 
jhe pegboards to give more shade. 



The classroorr. may have incandescent lights 
that the student can observe, if not. use the 
150-watt bulb and the receptacle on a table 
adjacent to a wall outlet. Try to have it located 
so that daylight will not be observed at the 
same time. Likewise, you may have fluores- 
cent lighting that can be observed in the 
room. If not. the student may have to be sent 
to a kitchen, laboratory, etc.. where a tube Is 
located. He should see a continuous spec- 
trum, with several pronounced bright lines 
superimposed. Most outstanding should be 
yellow, green, and violet lines. 
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Now get the following materials from the supply area: 



Clean baby-food )afs or other containers 
may be used in place of the potn diShes. if 
desired. 




3 pieces of nichrome wire, each 10 cm long 
1 alcohol burner 
3 petri dishes 
1 spectroscope 
1 small container of water 
1 eyedropper 

3 pieces of masking tape, each 3 cm long 
Lithium chloride crystals 
Strontium chloride crystals 
Sodium chloride crystals 

ACTIVITY 1-5. Pull 1 cm of tho wick out of the alcohol burner. 
A well-trlmmed wick should not be black at ihe end. Light 
the burner and look at the spectrum of the flame* (It's Ukely 
to be very faint.) 




□ 1-6. Compare the spectrum of the alcohol lamp with the 
spectrum of sunlight that you looked at earlier, 

□ 1-7. Did you see any bright lines in the spectrum of the 
alcohol lamp? 

If so, what colors were they? 

ACTIVITY 1-6. Mix the crystals of lithium chloride with 2 drops 
of water In a petri dish labeled 'Xr (lithium). Make a small 
loop In one end of a nichrome wire and attach a small piece 
of masking tape, also labeled '*LI/* 



A very small amot -^t of lithium chloride, 
strontium chloride, ai > sodium chloride is ail 
that is necessary. In this and the succeeding 
activities. It is most important to avoid con- 
tamination of the samples and to keep solu- 
tions from getting on the wick of the burner. 
The nichrome loops, once made, can be re- 
used by other students if they are kept with 
the respective samples. Loops may be 
cleaned by rinsing in clean water, dipping in 
concentrated HCl. and heating in the flame 
until they show no color. You should probably 
test the tap water to see tha> it gives no ap- 
preciable color in the flame. If it does, use 
distilled water with the crystals. 



LI 



#1 



roptj 



The spectra from the three chemicals are 
feint. Heve students hold the spectroscopes 
at close at possible to the flame. 

ACTIVITY 1-7. Dip the loop of nlchrome wire into the lithium 
chloride solution. While your partner lootis at the spectrum 
of the alcohol flame, put the loop into the flame. Do not touch 
th9 wick with ttf loop. Try not to get any chemicals on the 
wick. Take turns looking at the spectrum. 

□ 1-8. In the space provided in your Record Book, show 
^4^- the position of any bright lines you saw in the spectrum. 
Compare your sketch with the hthium spectrum shown in 
fr- Figure 1-2. 

I*:- 





ACTIVITY 1-8. Using a clean dish and a clean wire, repeat 
Activities 1>6 and 1-7, using strontium chloride crystals. Label 
jhe dish and wire "Sr." Again, do not get any of the chemical 
ion the wick. 



]l-9. In the space provided in your Record Book, sketch 
eany bright lines you saw in the stronuum spectrum. Then 
'^pare your sketch with the Sr Spectrum in Figure 1-3. 



^TiVITY 1-9. With a third clean dish and clean wire, repeat 
vttles 1-6 and 1-7, using sodium chloride (label "Na"). 



j^cSkctch any bright lines you saw in the sodium spec- 
Hicn compare your sketch with the Na spectrum 
"^gure 1-4. 



Keep wicks well trimmed. If salts get on the 
wicks, trim with scissors. 



Figure 1-2 




Figure 1-3 




You may want to havo colored pencils or 
crayons available so that students can show 
the spectral lines in color. Some lines are 
especially difficult to see Encourage students 
to try hard but not to spend the whole period 
searching for a line. 



^\You^ might want to tik itud^ntt how thty 
• oouM b« lurt that the bright lines were due 
to the iHhium. ttrontium, or eodlum, and not 
\ to the ohioride. You could have a sample of 
eodlum eart)onate (washing soda) or sodium 
' ■ bicarbonate (baking eoda) that they could try 
In the ftame with a clean wire. They will see 
the bright sodium tines, incidentally, students 
win probably show a single yellow line for the 
..sodium spectrum. This is as it should be. 
: There are actually two bright lines, but they 
' ' are so close together that the simple spectro- 
. scope cannot resolve them. 



The spectrum of an element healed in a fairly colorless 
.flame is just a few bright lines. This type of spectrum is called 
a bright-line spectrum. Each element produces a definite set 
of bright lines. Scientists have found that they can identify 
an clement by its bright lines as surely as they can identify 
you by your fingerprints. The bright lines you saw earlier 
in the fluorescent-tube spectrum were due to the gases in 
the tube (mostly mercury vapor). 

From time to time in this unit, you will be asked to do 
"problem breaks." These are problems for you to solve, 
without much help from your book or from your teacher. 
The problems will usually help you understand what you 
are studying in the chapter. But that's not their major pur- 
pose. They are designed to give you practice in problem 
solving, and in setting up your own experiments. You should 
try every problem break— even ihe tough ones. And in most 
cases you should have your- teacher approve your plan before 
trying it. The first problem break in this unit is coming up 
next. 



Problem Break 1-1 calls for the student to 
identify substances from the spectra they pro- 
duce. A suggested procedure Is as follows: 
Use three separate; clean petri dishes or 
baby-food jars. In the first, make a solution of 
a mixture of sodium chloride and lithium 
chloride; in the second, use a mixture of so- 
dium chloride and strontium chloride; in the 
third, use strontium chloride and lithium chlo- 
ride. Have a clean wire with each, and num- 
ber the containers Snd the wires 1, 2, and 3. 
Be sure to keep trarH of your mixtures by 
number, so that when a student checks his 
prediction with you, telling the number he 
used, you can match them up. It might be wise 
to prepare containers of the three mixtures 
and put out only a small amoi^nt at a time. 
This would help guard against contamination. 



\ 



\ 
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PROBLEM BREAK 1-1 

Now here's some detective work for you. Your teacher has 
prepared a solution of one, two, or three of the substances 
you just tested (sodium chloride, lithium chloride, and stron- 
tium chloride). Your job is to find out which substance or 
substances was used. 

□ 1-11. In the space provided in your Record Book, show 
the position of any br ght lines you identify. 

□ 1-12. Compare the iketch you made with the sketches you 
made in answer to questions 1-8, 1-9, and 1-10. What sub- 
stance or substances do you predict are in the unknown 
solution? 

Check your prediction with your teacher. 

Astrottomcrs use spectroscopes to identifv the elements in 
the stars. In fact, the spectral lines of the element helium 
were to obser>'cd in sunlight, When the substance ihat 
produced these lines was finally found on the earth, it was 
named helium (from the Greek word helios, meamng"sun ). 



3i 



jj^ . ^ The spectrum of helium is shown in Figure 1-5. You should 
iM^'T'- notice a peculiar difference in this spectrum when it is com- 



¥.V>- 



. pared to others you have observed. 



Figure 1-5 



Excursion 1-1 Is concerned with a different 
kind of spectrum— one of absorption or dark 
lines, it is fairly difficult and exacting. 



Perhaps you would like to learn more about the kind of 
[Spectrum shown in Figure 1-5. You can find out how they . 
[were discovered and how to see one yourself by doing EX- m S^Kt^lJ [•] ^ | 
Lcurtion 1-1. 

[Bright lines and dark lines in spectra can tell astronomers 
[a great deal about the composition of stars and planets, 
[ost of what we know about the sun and its atmosphere is 
udirect result of information from spectra, 
lln Chapter 2 you will see how to take the first step in 
leasuring the amount of energy released by the sun. For- 
tely you won't have to go there to do it. 

going on, do Self-Evaluation 1 In your Record Book. 




^9" 



-7, ;,i J 



^3 



GET IT READY NOW FOR CHAPTER 2 

You will need 6-cm x 3-cm copper strips. 
These should be cut from ^ne 30-cm x 30<m 
copper sheets that are suppii^^d. Each sheet 
will yield 50 strips. Probably ortt* ?heet will 
suffice, as the strips c<in be reused by other 
stud3nts once they are c*<t to size. You will 
need to make provisions for extension cords 
from the wall outlets if power Is not available 
at the student stations. Students will be using 
5 or more receptacles with various wattage 
bulbs for extended times In the chapter Oe* 
pending on how widely spread your students 
are. you might want to consider procuring 
additional ^-eceptacles «o augment the 5 that 
are furnished. Any screw-type socket recep- 
tacle that will hold a light bulb upright can be 
used. You will need paper clips and matcheSt 
which must b^ supplied locally. 
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EQUIPMENT LIST 

P#r itudtnt team 

1 copper strip, 6 cm x 3 cm 
1 Ctlslut thermometer 
1 paper clip 
1 aocKe ^eptacte 

1 ISO-watt bulb 

2 100-watt bulbs 

Watts New? 



1 60-watt bulb 
1 SO«watt bulb 
1 meterstick 
1 pegboard back 

Per class 

Pieces of dowel • 

Candles 

Matches 



CHAPTER EMPHASIS 

Using a simple radiant-energy measurer* the 
student determines the variables that affect 
the readings, and compares the energy re- 
ceived from the sun with that from an Incan- 
descent bulb at a particular distance. 



Chapter 2 



^Excursion 2«1 is keyed by a Checkup, ^ 

Everybody knows that the sun gives off lots of energy. In 
• fact, you may have heard that all energy on the earth comes, 
in one way or another, from the sun. But what does it mean 
to say *nots of energy''? How much is "lots'*? That is the 
problem for this chapter — to get an idea of how much energy 
le sun gives off. 

ITo be sure you are ready to begin the next activity, you 
ced to know some things about energy. The following 
;^fcku^ will help you find out whether you are ready to go 




MAJOR POINTS 

1. A solar^energy measurer (pyrhellometer) 
can be constructed. 

2. Temperature change can be used as a 
measure of radiant energy received. 

3. The temperature change of the solar* 
energy measurer varies with time, up to a 
certain point. 

4. The amount of energy received varies with 
the wattage (energy per second) of the bulb. 

5. The amount of energy received varies with 
the distance between the source and the 
solar-energy measurer. 

6. In order for the energy received by the 
solar-energy measurer to remain constant, 
the radiant energy of a source must Increase 
at a greater rate tnan the distance from the 
source mcreases. 

7. It is possible to determine the distance 
from the solnr-energy measurer that a fite^att 
bulb must be in order to cause thj^jpine 
temperature change that the sun causes* 

8. To measure the energy given off by the 
sun. it is necessary to know the distance tc 
the sun. 

This chapter might be considered the most 
Important one in the unit. Using simple appa- 
ratus that the students construct themselves, 
a very realistic measurement can t>e made 
that will lead to finding the power of the sun 
in a later chapter. Its completion depends only 
on a measurement of the distance to the sun. 
which is made In Chapter 4. Those who are 
well-versed in physics may object to the ap- 
parent discrepancy in usage of terms. Energy 
is measured in joules (or newton-meters 
whereas the watt is a measure of power lr» 
joules per second. Time» therefore, is the fac 
tor connecting the two terms. Experience ha* 
shown that the disparity presents no serlour 
problems tor V^e students, however, and th< 
matter is resolved in a later chapter. Incidan- 
tally, you probably will want to have 2 or :^ 
students working together on the activities 



Ch«ekup. In order to understand the purpose 
Of this chapter, the student needs an elemen- 
tary concept of energy. Those who did not 
participate in Levels I or It of ISCS. or who 
have forgotten, will profit from doing Excur- 
sion 2-1 , a review of the energy concept. This 
checkup is the mechanism for getting them 
Into the excursion. You may want to check 
''answers to the four questions, to see that 
those wtio need help are getting it. 



CHECKUP 

In your Record Book, place 
correct answer. There may he 
per question, 

1. Work is 

a. force 

b. distance. 

c. force X distance. 

d. speed X time. 

3. Energy can 

a. exist only in the 
form of heat. 

b. exist in more than 
one form. 

c. be transferred 
from one system 
to another. 

d. cause changes in 
matter. 



2. 

a. 
b. 
c. 
d. 

4. 

a. 
b. 
c. 

d. 



a check mark in front of each 
more than one correct answer 

A measure of energy is 
force. 

force X distance, 
speed X tiii^c. 
work. 

Energy is always 
conserved, 
destroyed, 
needed to over- 
come forces, 
a measure of the 
time needed to 
do work. 



I^I(*iiiS^r«]i!'^ ^^^^^ y^"'" ^"^^^^^ P^^^ '^^ Excursion 2-1. 



In the Interest of economy, you will probably 
want to have the copper strips P'f 
of having each student cut one. Note that the 
piece of dowej. candle, and matches are 
"classroom" items, and can be kept on the 
supply table to be used only when needed. 



If reasonable care is taken In bending he 
copper, not only will It fit tightly around the 
thennometer bulb, thus transfering maximum 
heat to the bulb, but it also will be reusable 
by other students. 



To begin making a sun-energy indicator, you will need 
these things: 

1 strip of copper, 6 cm x 3 cm 
1 Celsius thermometer 

1 piece of dowel, the same diameter as the thermometer 

bulb 
1 candle 
Matches 
Paper clip 

ACTIVITY 2-1. Pinch the strip of copper tightly around the 
dowel as shown. 

Copper 
strip 




ACTIVITY 2-2. Bend th« endt of the copper back flat 

As you know, that part of the sun*s energy that reaches 
the earth is in the form of light. A large portion of this light 
energy changes to heat energy when it reaches the earth's 
atmosphere and surface- This heating effect is what causes 
objects put in sunlight to get hotter. How much the tempera- 
ture (^^an object increases depends on 

L how big the object is, 

2. how well it absorbs heat, 

3. how quickly it conducts heat, and 

4. how long it is heated. 

Each of these factors affects how much change in temperature 
will be observed when the object is placed in the sun. 

All of this means that you can get an idea of how much 
heat is absorbed by an object by measuring its temperature 
before and after placing it in the light. All you need is an 
object to be heated, and a thermometer, 

ACTIVITY 2-3. Slide the copper strip from the dowel and under 
the bulb of the thermometer. Gently pinch it around the bulb. 
(/s# can BO as not to break the thermomBtar. ^ 



How much the temperature of an object In- 
creases also depends on its specific heat, but 
this factor Is not vital to the eKperiments In 
the chapter, as long as it Is ailowed to heat 
to its equilibrium temperature. 




By now, you've probably figured out how your sun-energy 
indicator will work. 

□ 2-1. What do you predict will happen to the copper strip 
if it is placed in sunlight? 

□ 2-2. What is the purpose of the thermometer? 




20 and 2-2 The copper strip should increase 
«n temperature Tr...- the<momeier should 
measure the increase (Note, however, that 
the thermometer does not measure the heat 
content of the copper, but only one factor of 

It; 



Now let*s test the energy indicator you've built. 



CHAPTER 2 13 



TN rtMon that It should not rttt on any 
■urfM* it that haat oould eonduetad to or 
from it mora raadiiy, at wall at baing raflactad 
to It. Of aqual Importanca, howaver. is pro- 
taetiRO it from tha wind or from dratta. 



ACTIVITY 2-4. Mold the Instrument In the shade for a couple 
of minutes. Then move It Into the sun for a few more minutes. 
Do not rest It on an^ surface. 




2-3. It Should snow a temperature increase of 
up to 4*C In sunlight. 



Pencil 




□ 2-3. Was tlie thermometer readi.ig in the shade different 
from that in the sun? (If so, how much?) 

If the thermometer didn't show a temperature change, 
something is wrong. The copper strip should have absorbed 
enough energy to affect the thermometer. If it didn't, check 
Activities 2-1, 2-2, and 2-3 to be sure that you put the instru- 
ment together correctly. 

You should make one improvement in your sun-energy 
indicator before you use it. You probably noticed that the 
temperature change was slow in occurring. The amount of 
temperature change was probably rather small, too. It would 
help matters if the copper absorbed energy more quickly than 
it does. 

Copper is a shiny metal. This means that it reflects some 
light. If you could cut down its shininess, the copper would 
convert more light energy to heat. 

□ 2-4. What could you do to the copper to make it absorb 
more of the sun's energy? 

ACTIVITY 2-5. Slide the copper strip off the thermometer. 
Insert a pencil or dowel In the bend of the strip. Hold the 
copper over a lighted candle. Try to cover the flat surface 
evenly with soot from the candle. Warning Do not hold the 
thermometer over the candle, as It will get hot and break. If 
you get wax on the strip, you must clean It and start again. 

Carbon black is preferred to black paint be- 
cause it tends to be a better absorber and 
conductor of heat energy. It can be messy, 
however, and students may have to be warned 
about keeping their fingers out of the soot. 



as 



ACTIVITY 2^. Ut thi'copptr strip cool. Thon, holding It by 
tht unblaektntd loop, attach It to tho thermomotor ao befort. 




Test your instrument in a sunny spot. 

□2-5. At room temperature, what , temperature does the 
sun-energy indicator show? 

□2-6. What temperature does the instrument show after 
being in direct sunlight for a few minutes? 

□2-7. . By how many degrees did the temperature change? 

Remove the sun-energy indicator from the sunlight and 
^ let it return to room temperature. 

,;• Di-B. Why do you think copper was a good choice of metal? 

, ^ With this instrument you should be able to get an idea 
^'.of how much energy is received by the copper strip from 
';,the sun in a given amount of time, 
y By now you may be seeing some problems in using the 
■sun-energy indicator. Suppose, for example, you got a read- 
ying in the sun 20° higher than in the shade. This would tell 
you that the copper strip had absorbed energy. But it would 
^certainly not tell you how much total energy the sun give;, 
'off. To learn that, you would need to know several other 
tilings. The next activities will help you find out what they 
^jfue, Pick up a pegboard and a paper clip. 

ACTIVITY 2-7. Hang the sun-energy indicator in an upright 
iRIon as shown. You can malce a hanger from a paper clip. 



2-8. Probably the most Important reason Is 
that copper is a good conductor of heat. Also, 
from a practical standpoint, It is easily shaped 
(malleable). 



In making readings of temperature change 
with the pyrheliometer throughout the chap- 
ter, be sure that students measure the change 
under constant conditions. For example, If the 
amount of change in sunlight is made outside, 
thon the beginning tempei'ature should also 
be read outsido. If the change is to be meas* 
ured indoors vas on a window ledge, with 
sunlight coming through the glass), then the 
beginning temperature should be that of the 
room. 

In this activity and the ones that follow, the 
books may be placed at the other end of the 
pegboard. away from the instrument. 




Table 2-1 



Th« students are determining the equilibrium 
temperature of the strip and thu time required 
to reach it. Thus time is one of the variables 
asked for In question 2-11 on the next page. 
Other variables named might be size (watt- 
age) of the bulb, distance to light source, 
angle at which light btrikes the strip, and size 
of the strip. 



Carry the stand with the attached instrument to where your 
teacher has set up a series of light bulbs. 

You will use these bulbs as a light source. They will rep- 
resent the sun. 

ACTIVITY 2-8. Place the pegboard so that the blackened sur- 
face of the copper strip Is 20 cm from the cent^jr of one 1 50-watt 
bulb in the parallel circuit. 



Have students adjust the height of the pyrheli- 
ometer so that the copper strip is on the same 
horizontal level as the center of the light bulb. 



Record the temperature of the thermometer in Table 2-1 
of your Record Book. Then turn on the iamp. Every 30 
seconds, record the thermometer reading. Complete the table 
by calculating what the total temperature change has been 
up to each of the times indicated (new temperature minus 
the temperature at 0.0 time). 



I 
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Graph your results on the grid of^ Figure 2-1 in your 
Record Book. Use the data from .the Total Temperature 
Change column and from the Time', column. 



Figure 2-1 
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]2*ft. According to your graph, how many minutes passed 
eforc the temperature stopped rising? 

|>»10. Why do you think the, temperature stopped increas- 

* 

the sun-energy indicator away from the light so that 
cool to room temperature. 

■ ^ 4 

J 

I^II.Xist at least three varia|)les that you think might have 
'sd how much temperatti^re change you observed. 

ishould now investigate d^effects of different amounts 
I|}lt energy on the sun-ei ^^y indicator. You can use light 
i p| different sizes. Be sure to keep other variables, such 
d distance, constant. 



2^9. Most probable answer is 3 to 3J minutes. 



2- to. Equilibrium temperature v»'as reached 
when the amount of heat lost by the strip 
equaled the amount of heat gamed. This iS a 
good concept to be acquired. 



2*9e Sat up the sun-energy indicator and light 
I tt «hown. (/se a &0-»vdff bulb and wait until the tem- 
'^^iMchas its maximum reading (about 5 minutes), 
original and maximum temperature readings in 
your Record Book. 





ACTIVITY 2-1 0, Allow the thermomtter to return to room tern* 
perature. Repeat Activity 2*9, using a 100-watt bulb. Record 
the data in Table 2-2. 



The point does not have to be made with the 
student but, correctly stated, tho watt number 
on the bulb tells how much energy it proauces 
per second. 



Use data from the 0.0 arid 5.0 lines of Tabic 2-1 on page 
16 to fill in the spaces in Table 2-2 for the 150-watt bulb. 

Table 2*2 



-^^'Bulb 


Original " ^ 
• Temperature 


. Maximum 
Temperature 


Temperature ' ^ 
Change 
















• 


:■' 150w ^^ 









^ /- wlf^A. . 

The watt number on a bulb tells you how much energy 
it produces. The greater the wattage, the greater the energy 
produced. 

□ 2-12. Which of the following bulbs produces the most Ught 
energy: 150W, 60W, or lOOW? 

Complete t x last column in Table 2-2. and graph your 
results in Figure 2-2 of your Record Book. 



Figure 2-2 



Figure 2-2. The graph should be a straight 
line. Of course, it should pass through the 
**0,0** point (no wattage, no temperature 
Change) and show about 5**C at 60W. a C at 
100W, and 12*^C at 150W. 
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80 
Wattage 



100 



120 



140 



160 



□2-13. What happened to the temperature change as the 
wattage (ampunt of energy) of the bulb increased? 



□2-14. Look at your graph in Figure 2-2. Predict the amount 
of temperature change you would have recorded if you had 
used a SO-watt bulb. 

□ 2-15. Suppose the 50-watt bulb had been placed 40 cm 
from the strip instead of 20 cm. Predict how this would have 
affected the amount of temperature change. 

PROBLEM BREAK 2-1 

Get a 50-watt bulb and test your predictions for questions 
2*14 and 2-15. How much does the reading of the sun-energy 
'measurer change when you double the distance between it 
and a light source? Suppose you tripled the initial 20-cm 
distance. Would the temperature reading decrease to one 
third of what it was at 20 cm? 

In your Record Book, describe an experiment you could 
do to study the relationship between distance and tempera- 
ture' change. Have your teacher approve your design before 
doing the experiment. Record your data in your Record Book 
in the form^of a graph with at least eight data points. 

□ 2-16» In your experiment, why should you keep the wall- 
age of the light source constant at 50 watts? 

Now let*s return to the problem that started this chapter. 
Let*s try to use your sun-energy indicator to find out how 
much energy the sun is giving off. 

ACTIVITY 2-1 1 • Hold the sun-energy indicator In a sunny spot. 
Leave it there until the thermometer reading stops going up. 



2-14. The prediction should be about 4**C for 
a 50-watt bulb. 



2-16. The student should be able to predict 
a decrease in the amount of temperature 
change. At this time he cannot reasonably be 
expected to know how great the decrease wU) 
be. 



Problem Break 2-1 . This is the most important 
print of the chapter. The mformation that the 
student gets from the graph provides the an- 
swer to question 2-18 on the next page. This 
answer in turn is the starling point for figuring 
the power of the sun in Chapter 7. Check 
student work carefuHy. Extra time here will be 
well spent. The eight data points can t)e 
gotten by spacing the center of the bulb at 
6-cm mtervals. starting r.t a uolnt 5 cm from 
the strip. 

See the Teacher's Gdit»on of the Record 
Book for a sample graph for Prob(,em Break 
2-1 . The student graph should look similar to 
that Using tho answer to question 2-1 7 on the 
vertical axis, tho stndont can read the answer 
for question 2-18 on the horizontal axis. This 
IS a graph of an inverse-square relationship. 
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□2-17. How much temperature change did the sun-energy 
indicator show? 

Now look at your graph from Problem Break 2-1. 

□ 2-18. At what distance from a 50-watt bulb must the indi- 
cator be placed to show the same temperature as it did in 
direct sunlight? 

Test your answer to question 2-18 by placing the sun-energy 
indicator at the distance you gave. 

You know that the sun gives off a lot more energy than 
a 50-watt bulb. But because it's so far from the earth, tlie 
energy that reaches the copper strip from the sun is no greater 
than that from the much closer bulb. The distance an object 
is from the light source has a great effect on the amount 
of energy received by the object. Therefore, when calculating 
the energy produced by the sun, its distance must be an 
important factor. 

An accurate measure of the sun's energy must include its 
distance from the earth. In a later investigation you will 
measure that distance. For now, you can only get an idea 
of how great is the sun's total energy output. To do this, you 
will need to take your sun-energy measurer over to tne area 
where the bulbs in parallel circuits are located. 

ACTIVITY 2-12. Set up your apparatus as shown. After 5 
minutes, note the temperature. 

□ 2-19. Record the highest teipperature reading from the 
50-watt bulb at 20 cm. 



There should be a temperature change of 
about A^C with a 50-watt bulb at 20-cm dis- 
tance. Whatever the roonr^ tenr^perature, the 
highest temperature reading for question 2-1 9 
should be about A'C higher. 



i4 



v.; 






ACTIVITY 2-1 3. R«mov* the 50-watt bulb and move th« socket 
40 em from ttie euitHinergy measurer. 

Your problem is to place in the sockets a bulb or bulbs 
that will produce the same maximum temperature change 
that you found in Activity 2-12- 



'□2-20» What wattage (energy) bulb or bulbs do you predict 
will produce this^ reading? 

Add bulbs to the sockets until you find one, or a combi- 
nation, that produces roughly the reading you are looking 
for. Be sure that the bulbs are 40 cm from the sun-energy 
measurer. 

□ 2-21. How many 50-watl bulbs would you need at 40 cm 
to give the same temperature reading that one 50-watt bulb 
gave at 20 cm? 

□ 2-22. Suppose you moved the sockets to 80 cm. How many 
50-watt bulbs would you have to use to produce the same 
reading as one 50-watt bulb at 20 cm? 

Now think how many 50-watt bulbs you would need if 
you moved the socket out a mile from the energy indicator. 
You'd have to have a tremendously large source of energy 
to give the same reading. 

The sun is many, many miles from the earth. With what 
you know now, you can be sure that the sun is giving off 
a tremendous amount of energy. To give a good estimate 
of how much, you will need to know how maTiy miles away 
the sun is. That is the subject of the next chapter— the way 
to measure the distance from the earth to ihe sun. 




2-20. This i$ a difficult question, but if the 
student has done caretui work and can read 
the graph, doubling the distance will cause \ 
as much temperature change. Therefore, to 
get the same temperature change, there must 
be 4 times the wattage. The answer would 
thus be 200 watts. This should check out for 
question 2*21 (four 50-watt bulbs), and In 
question 2*22 It would require 4 times as 
many again, or sixteen 50«watt bulbs. 



GET IT READY NOW FOR CHAPTER 3 

The range finders should be assembled. You 
will need manila folders or large pieces of 
cardboard taped In place on the range find* 
ers. The students will also need white unlined 
paper. You will also have to set up a sighting 
range. See the teachf r notes in Chapter 3 for 
directions. 



Before going on, do Self-Evaluation 2 In your Record Book. 
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eOUIPMBNT LIST 

1 ran^n finder (Msembltd. with m«nila folder 

taped to ptgboerd) 
1 ehMt of white unlined peper 

Far-Out Sun 



CHAPTER EMPHASIS 

The student investigates the use of a simple 
range finder for measuring dl&tancest and 
determines some of the variables and the 
limitations of the instrument. 



Chapter 3 



Excursion 3*1 1$ keyed to this chapter. 



Measuring the distance to the sun may seem like an impossi* 
blc job to you. More than likely, youVe always used a ruler 
or metcrstick to measure distances, but such a device won't 
work for.measuring the distance to the sun. 

Actually, the problem won't be as difficult as you may 
think. In many ways, you're in the same boat Ps a hunter— or 
a photographer— who wants to know the distance to an ani- 
mal. If he tries to use a ruler or tape measure, he won't get 
many shots. 

Both camera and rifle manufacturers have solved the 



problem in the same 5ay. Many guns and cameras include 
a device called a range finder. In using a range finder, 
person looks at an object from two different angles. The 
device evaluates ihe distance to the object from the size of 
the angles formed (See Figure 3-L) 




MAJOR POINTS 

1 . The range finder operates on the principle 
of angles and triangles. 

2. A range finder can be calibrated by sight* 
ing objects at known distances, 

3. As the distance to the object decreases, 
the angle between the sighting bar and the 
sighting line Increases. 

4. As the distance to the object Increases, the 
sighting marks get closer and closer together. 

5. The range finder loses its usefulness be- 
yond about 15 meters. 

6. The length of. the range finder's base line 
is a limiting factor in the distance that can be 
measured. 

7. In Its present form the range finder is use- 
less in measuring large distances, such as the 
distance to the sun. 

8. Another limiting factor of he range finder 
is its inability ^0 measure the sighting angle 

accurately. 

9. tismg any terrestrial dista''^.fc*> ♦^.^ base 
lin^ is sMi too short to give accurate angle 

"measurements by the range-finder methoo. 



FIgur* 3-1 



Angle decreases un distance incretses. 








Tht rtngt finders thould be eMembled with 
the manll* folder or cardboard In place. The 
whitt paper should not bt added until Activity 
d>4, however. 

It Is Important for the students to discover the 
usefulness and the limitations of the instru* 
ment themselves. Resist the temptation to 
legislate the distanc«? and uses during this 
trial period. 



Sighting line 



You can use a simp'e homemade range finder that wit' 
help you measure the oistance to the sun. Get one from the 
supply area. 

ACTIVITY 3-1. Look.the range finder over carefully. Note par- 
ticularly the labeled parts. Draw and label the sighting line 
and base line on your range findor If this has not been done. 




Baselino 

In using the range finder, a student should 
keep his sighting eye well back from the bolt. 
If he moves too close, the nearer bolt com- 
pietely blocks the sight on the farther bolt. 



Before you try to neasure the distance to the sun with 
the range finder, you should learn how it works. Pick out 
an object to look at on the other side of youi classroom. 

ACTIVITY 3-2. Place the range fln<;9r on a ^lat surface and 
line up the sighting line with the ob|ect. Wi ihout moving the 
pegboerd, adjust the sighting bar until It i.nes up with the 
object. When you are finished, both the sij^hting line and 
sighting bar should be lined up with the object. 





Object 
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ACTIVITY 3-3. I^^ovt tht range findtr along tha sighting line 
until H It taveral feet closer to the object. Don't ehMg9 the 
pMtUon 0/ th9 ilghVno bar. 



¥1 




I 

.J 




□3-1. Does the sighting bar ?itill line up with the object after 
the range finder is moved? If not, what would you have to 
do to line it up? 

□3-2. Suppose you were to move the range finder even 
closer to the object along the sighting line. Predict what you 
would have to do to align the sighting bar. 

Perhaps you are beginning to undci stand the principle upon 
which the range fixider works. As the device is moved closer 
to pji object, the angle between the sighting bar and the 
sighting Une changes. 

□3-3. Suppose the distance from the range finder to an 
object increases. In what way do you predict the angle be- 
tween the sighting line and sighting bar will change? 



Test your prediction in question 3-3 by doing the next 
activity. 

■ Your teacher has chosen an object in your room and placed 
marks on the floor at distances from it of 1, 2, 3, 4, 5, 10, 
and 15 meters. 



Distant 
object 




Note that for tho calibration of tha range 
finder, beolnnlng with Activity 3-4, you will 
need a aighting range aet up aomewhere in 

the room, with diatancaa of 1.2,3.4»5,10, and 
15 meters marked from aome object to be 
alghted. The iS-meter diatance (49 feet) is 
a little large for the average classroom. You 
may have to stop at a shorter distance, or you 
might be able to set up the range in a corridor. 
In the classroom, an excellent sighting object 
could be a distinct chalk mark on the front 
chalkboard. 



ACTIVITY 3-4. With small pieces of tape, attach a sheet of 
white paper to the range finder as shown. Place the tip of 
a pencil Into the groove at the end of the sighting bar. Turn 
the bar to draw part of a circle. 



Sheet of white paper 




ACTIVITY 3*5. Place the range finder so th^it the sighting line 
rear boit Is at the 1-m mark on the floor. Line up the sighting 
line, and then the sighting bar, with the object. When you are 
sure the position of the bar is correct, maice a maric on thd 
circle as shown, and label the mark "1/* 




The marks and the labeling for 6. 10. and 15 
meters will be relatively close together. The 
numbers will have to be small, and a sharp 
pencil should be used for makinv^ ihe marks. 



ACTIVITY 3-6. Repeat Activity 3-5 for distances of 2m, 3m, 
4 m, Sm, 1 0m» and 1 5m. When your scale is completOt it should 
appear similar to that shown. Label each marlc. 
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Sighting iine 



Parallel sighting line 
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'^• Practice using your range firier to measure the distance 
to objects not more than ISn- away. Check your measure- 
ments with a meterstick. If th v/ arc inaccurate by more than 
Jm, repeat Activities 3-4, 3-5, and 3-6, 

□3-4. Was your prediction in questio^i 3-3 correct? As the 
distance to an obj becomes greater, what happens to the 
angle foraicd by tiie sighting bar and the parallel sighting 
line shown in Figi^rc 3-2? 



SlQhUng 
line 




3-4. In question 3-3, the student snould have 
predicted that as the distance gets greater the 
angle gets smaller. Whatever was predicted, 
however, the student should now clearly see 
this important relationship. The decreasing 
size of the angle and the resulting difficulty 
of accurate measurement become the iimiting 
factor In the use of the instrument. 

Figure 3*2 



Parallel sighting line 
(pai^Uei to the 
sighting line) 



Sightino bar 



□3-5. Suppose you lined up the sighting line and the siglit- 
ing bar of the range finder in Figure 3-2 on an object a long 
way .-ff (like a distant tree). Would you expect the angle 
between the sighting bar and the narallel sighting line to be 
large or small? 

Check your prediction by using your own range finder. 
(Draw a parallel sighting line on your range finder if it v/ill 
help you.) 

Select two very distant objects, one of which is farther away 
than the other— a distant tree and building perhaps. Use the 
range finder to decide which of the objects is farther away. 

□3^. Describe any problems you had in deciding which 
object was farther away. 

Well, by now you should have a good understanding of 
how to use the range finder. It seems to work fine on short 
distances but not so well for distances beyond about 15 m. 
This may limit its usefulness for measuring great distances 
like the distance to the sun. See if it will 



3-6 This IS a good item to check the stu- 
dent's understanding of the activities. A vari- 
ety uf ans\\ers are possible. Hopetully. the 
sludent will discover that the motion of the 
sighting bar is so small that little difference 
can be seen m the two measurements This 
»s lust another way of saymg that the Sighting 
angle is getting too small to measure accu- 
rately with the mstfument. 
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jVjV IMPORTANT: Do not allow the student? to 
' tlflht on th% sun directly. Even though, there 
is a safety note to the student, a persona) 
•^wofd from you might be in order 



Safety Note Because of the danger of lookinf^ at the sun 
directly, you must change slightly your method of sighting. 
Instead of lining up bolts, you will try to line up the shadows 
the bolts casL 



ACTIVITY 3*-7. S«t the range finder in a patch of sunlight so 
that the shadow from the front bolt falls directly along the 
sighting line. 



Shadow 




ACTIVITY 3-8. Without moving the pegboard, move the sight- 
ing bar until the shadow from Its front bolt falls directly along 
the ban 



Shadow 




3-7. It is too far away to measure with the 
range finder. Actually, the sighting bar should 
be parallel to the sighting line. The angle 
t)etween two parallel lines (if there is such a 
thing) is 0^. The angle has simply become too 
small to measure. 
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□ 3-7. From the position of the sighting bar on your scale, 
what can you say about the distance to the sun? 

Clearly, you have a problem. There seems lo be a limit 
to the distance you can measure accurately with your range 
finder. 

One variable that limits the distance that can be measured 
is the length of the range finder*s base line. 



m 



5^ 



□3-8. Suppose you lengthened the base line. How would 
this affect the greatest distance you can measure with your 
range finder? 

The prodlctlon In question 3-8 should have 
been that lengthening the base line would 
increase the greatest distance that could be 
measured. Actually, the increase would be 
proportional to the Increase In the base line, 
because the size of the sighting angle Is the 
critical thing, and the tangent of the angle Is 
equal to the base line divided by the distance 
to the object. Thus, for a given angle, an 
increase In one factor would make a propor- 
tional increase fn the other. An experlmer.t to 
test this prediction might Involve shifting the 

PROBLEM BREAK 3-1 

Design an experiment to test the prediction you made in 
question 3-8. In your Record Book, describe what you would 
do and what measurements you would make. Check wjth 
your teacher and then do the experiment. Record your results 
and conclusions. 

From your experiments, it should be clear that two varia- 
bles limit the greatest distances that can be measured by your 
range findg". The first is the length of the base line. The 
second is the size of the smallest measurable angle between 
the sighting bar and the parallel sighting line (the sighting 
angle). 

□ 3-9. In Figure 3-3, how would increasing the base line 
affect the size of the angle between the two sighting lines? 




Sighting bar on the range finder so that the 
base Une Is longer. With the existing con- 
figuration. It would be possible to shift the bar 
so that ^he base line Is twice as long. Meas* 
urements could then be made of the effect on 
the spacing of the marks on the scale. Wider 
spacing (greater angular change) would be a 
good indicator of greater distance potential. 



Figure 3-3 




Object 



3-9. For a given distance to the object, an 
increase in the length of the oase Mne in- 
creases the size of the angle. 
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Astronomers could make sightings from two observatories 
that are hundreds or even thousands of miles apart. Figure 
3-4 shows how this can be done. 



3»10. The anflla would Increase. For small 
angles (which these are) the increase would 
be proportional to the increase In the base 
line* 



With two observatories about 2.000 miles 
cpaK. ' angle formed by a point source on 
the 5 ds shown in Figure 3*4, would be 
about ^ . Four seconds is close to ^^J^^ of a 
degree. Of course, the sun Is not ^ point 
•ource but rather, a flaming ball about 
665»000 miles in diameter. 



□ 3-10. If you switched from a simple range finder to the 
system shown in Figure 3-4, what effect would this change 
have on the angle? 



Figure 3*4 



S5 



Modern instruments can measure angles of less than 
1/1000 of a degree. To increase the base line, sightings of 
the sun can be made from widely spaced observatories. But 
even then, the angle turns out to be too small to measure 
accurately. Unfortunately, the range finder just can't do the 
job. You must find some other way to measure the distance 
to the sun. In the next chapter, you will search for a new 
approach to the problem. 

Meanwhile, you might like to know that the distance to 
30 CHAPTER 3 the moon has been measured by the range-finder method. 
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■n,. average distance to the moon is about 240m miles. ^;'::Tm,ii:l%Z''TnTJ^'nZ 

Knowine the distance to the moon makes it simple to find g^y during school hours, it shouw be done at 

the size (diameter) of the moon. f^^- " need not take a yreat deal o( 

If you v/ould like to measure the diameter of the moon, . j m>,-^r ^ i ■ 

Excursion 3-1 will show you a method that is simple. All ^StA\*i'j»t^w*i 
you need is a full moon, some time to sit still, and a watch. 

B*for« going on, do Seif-Evaluatlon 3 in your Record Book. 




s DIAMETER 



J 



GET IT READY NOW FOP CHAPTER 4 

No new equipment need bo prepared. The 
activities call for students to use 3 beans or 
other snnall objects on which to sight. Many 
different things could be used. Large-headed 
roofing nails stand up w^dll; thumbtacks would 
do. 
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EQUIPMENT LIST 

P«r ttudenMMm 

1 protractor 

1 drawing compass 

3 baant (or other small objects) 

1 matric rutar 



Measuring the 
Distance to tlie Sun 
Another Approach 



CHAPTER EMPHASIS 

Starting with :he distance from Earth to Venus 
as a base line the range-finder method can 
be used to finU the distance to the sun. 



Chapter 4 



Excursions 4-1, 4-2, 4-3, and 4-4 are keyed 
to this Chapter. 
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Excursion 4-1 is a short general-interest ex- 
ercise requiring no equipment. Ii is titled 
•'What's Radar?*' and affords some practice 
in measuring distances by radio waves. 



Some years ago, scientists discovered an interesting way to 
locate objects at a distance— the use of radar. Using radar, 
they could get good measurements of ihe distance to the 
moon and to some of the planets. They found, for example, 
that the planet Venus, when closest to the planet Earth, is 
about 26 million miles away. If you are interested in more 
information about using radar to measure distances, see Ex- 
cursion 4-1. 

The measurement of the distance to Venus has proved to 
be useful. This distance can be used in determining how far 
the sun is from Earth. Let's see how. 




MAJOR POINTS 

1. The sun is the center of the solar system. 

2. Venus and Earth are planets in the solar 
rystem and move in nearly circular orbits in 
the same plane around the sun. 

3. The Venus orbit is within the Earth orbit, 

4. The angular speed of Venus is greater than 
that of Earth; therefore, Venus and Earth are 
constantly changing relat've positions. 

5. The angle between the lines of Sight to two 
bodies is called the sighting angle. 

6. The largest angle between the Earth-Venus 
line and the Earth-sun line occurs when the 
Earth-Venus line just touches the orbit of Ve- 
nus. 

7. Using the largest sighting angle, the orbit 
of Venus and the orbit of Earth can be drawn 
to scale. 

8. Knowing the rrmimum distance from Earth 
to Venus, the distance from Earth to the sun 
can be calculated from the scale drawing. 

9. The d«stance to the sun is about 93 million 
miles. 
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Sighting line 




Figure 4-1 shows how the range finder that you used in 
the last chapter works. Take a close look at the figure; then 
answer question 4-1. 

Object 

Line of eight 

o- --^K?-'-- 



Parallel sighting line 



Figure 4*1 

4-1. The base line Is too short; thus the;5lght- 
Ing angle is too small to measure. 



Notice that in Figure 4-2. the base line is not 
perpendic^uiar to the sighting line from Earth 
to the sun. This may confuse some students. 
You may have to point out that it Is not neces- 
sary for it to be perpendicular, and the 
method st[ll works as long as the sighting line 
and the parallel sighting line are parallel. 



□4-1. Why can*t the range finder you used in Chapter 3 
measure large distances? 

Even the distance across Earth is too small a base for the 
range-finder method to be used to measure the distance to 
the sun. But suppose you co: Id use the distance from Earth 
to Vena? as a base line (Figure 4-2). 

□4«2. Do you know how long this base line from Earth to 
Venus is? 

□4-3. What other problems would there be in using the 
scheme diagrammed in Figure 4-2? 



Figure 4*2 



Earth 




Sighting line 



Sun 



Large sighting angle could be used 
to find the distance to the sun. 



Parallel sighting line 



Venus 
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Obviously, you canH easily get to Venus to make a sighting 
of the sun» This alone makes the plan shown in Figure 4-2 
impossible. But there is another way to make use of the 
distance between Earth and Venus. It requires that you first . 
draw a model of the position of Venus in relation to Earth 
and the sun. Column 2 of Table 4-1 and the activities that 
follow will help you do this. Column 1 lists the assumptions 
you are making as you draw your model. 



The list of assumptions in Table 4*1 is basio 
to the solution of the problem. Some worth- 
while small-group discussion might ensue on 
the rationale for these assumptions. For in- 
stance, what reasons do we have tor assum- 
ing that the sun Is at the center of the solar 
system? that Earth and Venus revolve around 
the sun? that Venus and Earth move in the 
same plane? 



^^f S ii f VJW^^WM ' ^f^l^ . Table 4-1 




Assumption 4 (circular orbits): Tne orbit of 
Earth varies from 94.600.000 miles to 
91,400,000 miles from the sun, with a mean 
of about 93 million miles. This is a variation 
of less than 2% abovyk^d below the mean. 
If this were accurately drawn as large as pos- 
sible on a page In the Record Book, there 
would only be a difference of about 6 mm 
In the measurements, undetectable without 
drawing instruments. Venus* orbit varies from 
a circle even less. 



Earth's orbit 



Venus' orbit 



ACTIVITY 4-1. In the space provided In your Record Book, 
use a compass to draw two circles as shown. Label the sun 
and the two orbits. 

ACTIVITY .4-2. Place a bean anywhere on each of the two 
circles you've drawn. These will represent Earth and Venus. 
Place another bean in the center of the circle to represent 
the sun. 



The use of beans i/optlonal. Any small ob- 
jects that the stucljrits can sight on would be 
satisfactory; for yexample, small corks, peb- 
bles, or pieces^! wood. 





CHAPTER 4 35 



OS 



Astronomers have known for many years that 
Venus' orbit is within Earth's orbit because 
Venus is always seen as a morning or evening 
•*star/' It never gets farther thr n about 46^ 
from the sun and Is never leen late at night, 
as are Mars and Jupiter. 




4«5. Faster. The more obvious reference is to 
angular speed, it travels one revolution (36p^) 
In 225 days while Earth requires more than 
365 days to revolve around the sun. Not s6 
obvious, and not important for the student to 
know. Is the fact that, being closer to the sun. 
Venus also travels at a faster linear speed by 
about 20%. Thus it not only has a shorter 
distance'^to go for one revolution, but travels 
the distance at a faster rate as well. 



Now, use your model—the beans and circles— to study the 
relative motions of Venus an 1 Earth. To do this, you will 
have to add two more assumptions to your list: 

1. Earth travels completely around its orbit once every 
365^ days. 

2. Venus takes 225 days to make one complete revolution. 

□4-4- Suppose the planet Earth you just placed in orbit 
made a complete turn around the sun. How f: ^ weld Venus 
have traveled in the same time? (Answer by drawing the new 
position of Venus in Figure 4-3 ot your Record Book.) 



'Earth here on day 1 
and day 36514 



Figure 4^ 



4-4. Venus travels around the sun 365/225 
times as fast as Earth does. This is 1.62 times 
as fast. Figure 4-3 should show Earth back in 
the same position from which it started and 
Venus making about 1g revolutions from its 
starting point. 



□4-5. Does Venus travel faster, or slower, than Earth as it 
moves around the sun? ^ 

Hie last activity gives you an idea of what the paths of 
Venus and Earth are like. Your next problem is to visualize 
what the motion of Venus would look like from Earth. Once 
again, )our model can help you. 

ACTIVITY 4-3. Arrange the beans as shown. 
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Unless the three beans are perfectly lined up, you can think 
of them as three points of a triangle. 



b'O 



Move Earth and Venus beans to other points alon^ their 
circular orbits. Notice that the three beans always form a 
triangle (except when they are lined up). (See Figure 4-4.) 



Figure 4-4 




Imagine yourself standmg on Earth looking al Venus and 
the s'.:n. Acti/ily 4-4 will help vou visualize this. 

ACTIVITY 4-4. Look from behind the bean representing Earth 
along the paper toward the sun and Venus. 



This sightimj of the angle between the two 
lines formed by the beans (or other objects) 
IS somewhat difficult, but important. You may 
have to provide help to some students. 




□ 4-6. What measurement could you make to describe the 
position of Venus with respect to the sun? 

Question 4-6 may not have been too easy. 1 he angle 
formed where line EV (the line of sight from Farth to Venus) 
crosses line ES (the line of sight from Larth to the sun) can 
be used to describe the position of Venus with respect to 
the sun. 
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Excurtlon 4-2 provides heip on the use of a 
protractor. Protractors differ, and the student 
may need practice on the particular kind that 
Is available, even though he has used one 
previously. 



ACTIVITY 4*S. ExpttrimenI by moving Earth and V«nut until 
you find tho po*ltlon at which the EV-ES angle It greatest. 
Measure this angle with a protractor* (See Excumlon '4-2 if 
you don't know how to use a protractor.) 




□4-7. When would the EV-ES angle be the greatest? 



The number of degrees in question 4-8 may 
vary, but this Is not Important. More important 
Is the concept In question 4-7: tnat the angle 
will be greatest when the line of sight to Venus 
Just touches the orbit '^Jrcie. Of course, the 
angle will be 8mai;t;-:t (0**) when the sun, 
£arth. and Venus are in a straight line. 



□4«8. What number of degrees are there in the greatest 
possible EV-ES angle? 

□4-9. When would the EV-ES angle be the smallest? 

' You should have seen that the greatest EV-ES angle occurs 
when the line of sight from Earth to Venus just touches^ but 
docs not cut, the orbit of Venus. (See Figure 4-50 



•figure 4-5 



Venus' orbit 



These lines cut 
through the orbit 
of Venus. 
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Earth's orbit 



Earth 



This line touches the orbit of 
^ ^Venus, but does not cut through it. 



ACTIVITY 4-8. In th« tpace provided In your Record Book, 
draw a diagram of Earth's orbit the same tlxe at you did for 
Activity 4-1. But Ihit time, draw the Venue orbit a different 
size than before, keeping tt emaller ti.an Earth's. Again find 
the greatest EV-E8 angle and measure It with a protractor. 

□4-10. How many degrees are there in the greatest possible 
EV-ES angle this time? 

□4-11. Does the guatest EV-ES angle occur again where 
the Earth-Venus line just touches but does not cross the orbit 
ol Venus? 

Figure 4-6 




Measuring the real EV-ES angle is easy (see Figure 4-6)^ 
Astronomers have found that the average greatest EV-ES 
angle is 46 degrees. This figure can be used to find the dis- 
tance from Venus to the sun. 

But what does that have to do with measuring the distance 
from Earth to the sun? That was the question that started 
this discussion of EV-ES angles. 

ACTIVITY 4-7. In the space provided in your Record Book, 
draw a TSrcm diameter circle to represent the orbit of Earth. 
Draw In a|i Earth-sun (ES) line as shown. 



This activity .md the fo. .owing questions are 
included to pio^.de add.tiomi practice on the 
concept of tiiuling the greatest sigh'mg angle. 

i he orbits of L".uth and Venus are net perfect 
circles but, i.-ither, slighf.y elliptical. This 
means that th- re are point? nn the Earth orbit 
where sightirxjs to the Venus orbit can vary 
by a numbei of degrees. For instance. If the 
sighting is m.ide when Earth is farthest < ut on 
its ellipse and Venus is closest to the sun on 
its ellipse tho angle will ho smaller than if 
ELarth is do' -st to the sun and Venus has 
swung out \o Us greatest distanco But using 
circular orbit-; of the average distances to the 
sun us tht. btii'ient is do.ng, the greatest angle 
IS al)Out 46 . 

From this p<.:o\ on in tti.i chapter, drawings 
will be mn6-: u, scale and anql»;i; measured 
accurately, fhe siicc'ss of the distance 
moasuromi'iit', to the sun depends on these 
accurate nifMt.urements. 




ACTIVITY 4-8. Using your protractor, draw in the Earth-Venus 
(EV) line for the largest EV-ES angle (46 degrees). 



E8 line 



Earth 



From your earlier work, you know that the orbit of Venus 
must just touch, but not cut, this EV line. 




ACTIVITY 4-9. Using a compass, draw the orbit circle for 
Venus. Remember, the circle should Just touch, but not cut, 
the sighting line. At the exact point where the sighting line 
touches Venus* orbit, make a small dot and iabel it ''Venus.** 



Earth 



The location of the "Venus'* dot .nay be tricky. 
Geometrically, It lf> on the perpendicuiar from 
the sun to the EV line. 



The drawing you just made is a scale drawing of the actual 
orbits of Venus and Fiarth, It can be used to determine the 
distance from Earth to the sun. Before you do this^ however, 
be sure you know what a scale drawing is by doing the 
following checkup. 



x: 
X 




Width 



Scale: 1 'jm r: 4 ft 
4-12. This distance fihould be about 21 mm. 



CHECKUP 

Here is a scale drawing of a packing crate. 

1. How high (in feet) was the crate from which the scale 
drawing was made? 

2. How wide (in feei) was the actual crate? 

Check your answers to this checkup on page S9 of Excur- 
sion 4-3. Excursion 4-3, keyed by the checkup, is re- 
medial on the v.ae of scale drawings. 

r]4-12. Measure on your scale drav/ing from Activity 4-7 the 
distance between Earth and Venus when they are closest 
together. This will be when Earth, Venu:>. and the sun are 
lined up, and the EV-ES angle is 0 degrees. (See art in 
margin on the next page.) Record this distance (in mm) on 
the bottom line of Table 4-2. 
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The distance you just measured in millimeters represents 
26 million miles (see Table 4-2). 



6'a 



□4-18. By your scale, how many miles arc represented by 
each oiilUinetei? 




4-13. Each millimeter represents about 
1.240,000 miles (26.000.000 -♦• 21 » 
1.238.095). 



Table 4-2 



> □4-14. Using your scale drawing from Activity 4-7, measure 
(in miliimeters) the distance from Venus to the sun and the 
distance from Earth to the sun. Record yoiur measurements 
in Table 4-2. 

You now have enough information h complete the prob- 
lem you started at the beginning of Chapter 3. From the 
data in Table 4-2 and your scale, you can calculate the dis- 
tance of the sun from Earth and also the distance of the sun 
from Venus. 

□4-15. Calculate the distance in miles from Venus to the 
sun and from Earth to the sun. Record the results of your 
calculations in Table 4-2. 

A good check on your work is to see if the sum of your 
actual Venus-to-sun distance and Earth-to- Venus distance 
equals the Earth-to-sun distance. If the calculations of ques- 
tion 4-15 proved difficult. Excursion 4-4 will help you. 

If youVe done your work well, you now have the informa- 
tion you set out to find at the beginnmg of Chapter 3. You 
now know the distance from Earth to the sun. Using methods 
not too dilferent from yours, astronomers have found the 
average distance from Earth to the sun to be roughly 93 
million miles. Do your results agree? 

Before going on, do Self-Evaluation 4 In your Record Book, 




4-14. Venus td the sun: at)Out 54 mm, which 
eauals 67 miljon miles at the scale deter- 
mined in questions 4-1 2 and 4-13. harth to the 
sun: 75 mrri. vjhich gives 93 million miles at 
the same scal^. 

I 

f 

i 

I 

! Venus 



26 million 
miles 



Angle = 0* 



Earth 



Excursion 4-4 is a remedial excursion for 
those having calculating troutJies. 



GET IT READY NOV' FOR CHAPTER 5 

There are several itims that must be supplied 
locally. These mr.ufie pieces of cardboard 
4 cm square a »d pieces 13 cm by 20 cm 
The cardboa'-O cacks from used tablets w»H 
do very well You will also need single-edged 
razor blac1«js. scjssor^. ana a needle or other 
sharp i:^strument for making a small round 
hole 
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EQUIPMENT LIST 

Ptr ttudtriMMm 

1 tetatcoping tube with caps 
1 (ri#ct cardbcmrd, 13 cm x 20 cm 
1 I50«watt bulb and socket 
1 msterstick 

1 pteea cardboard, 4 cm square 



1 piece fro&U^d acetate. 4 cm square 
Tapo 

Per class 

Scissors 
Razor blade 
Large needle or pin 



How Big Is the Sun? 



CHAPTER EMPHASIS 

Tne size of a distant object may be mv«*sured 
by projecting its image on a screen and usinfl 
a simple mathematical relationship. 



Chapter 5 



Excursion 5-1 is keyed to this chapter. 



^ If at first you don't succeed, try, try again. That's the way 
the old saying goes. Your first try at measuring the distance 
to the sun wasn't successful. You couldn't get a base line 
that was long enough to use the range-finder method. So then 
you tried another approach, using the radar distance to 
Venus. This time you got the job done. 

In this chapter you will try to make another measurement 
of the sun. This time you will try to find out how far it is 
across the sun. Obviously, measuring the distance across an 
object that is 93 million miles away is a bit more complicated 




MAJOR POINTS 

1. An Image of a bright object can Is pro- 
jected through a pinhole onto a screen. 

2. There is a mathematical relationship be- 
tween size of object, size of Image, distance 
from pinhole to object, and distance from 
pinhole to Image. 

3. This relationship can be used to find the 
diameter of the sun, when the distance to the 
sun is known. 

4. The sun is a huge body more than 100 
times the diameter of the earth 

5. It is possible to measure objects at great 
distances. 

Once the pinholes, acetate screens, and the 
1-cm square holes in the 13 cm x 20 cm 
cardboards are made, they can be used by 
all the students. In the interest of economy, 
accuracy, and safety (with the razor biade). 
you may want to have the apparatus prepared 
in advance. If so. you can follow the activities 
on the next two pages. In any case, the fol- 
lowing hints on preparation may help. 

1. Note that the cardboard disk and the 
frosted acetate disk are cut to different sizes 
because they fit into opposite ends of the 
telescoping tubes. The cardboard goes in the 
smaller end, the acetate m the larger. Use 
care In cutting so that they fit smoothly in the 
appropriate cap without wrmkling 

2. Use a large needle. p>n. or a sharp pencil 
to make the p -^^^de. Rotate the pv^m as it is 

a srriooth. roj'^O r>o'6 

3 Use care m m.vKing tho \ i f't ^quiUns on 
thft acetnto Uo sum (hut I.ho« cntnn a\ 
nght anglos 

4 Be sure that tho 1-cir hijin tlu> card- 
board 'S square and hnes up with the brightest 
part of the Dulb when mounted 




than just laying^ a ruler next to it. But with a little thought 
the job can be* done fairly easily. To make your measure* 
ments, you and^ a partner will need these materials: 

1 cardboard sighting scope with frosted acetate screen 
1 piece cardboard, 13 cm x 20 cm with 1 cm^ hole 
' 1 150-watt bulb and socket 
I meterstick 

If the sighting scope has not been assembled, Activities 5-1 
through 5-4 show you how to construct the sighting scope. 
To do this, you ^ will need: 

^ 1 telescoping cardboard tube, 40 cm long with end caps 
1 piece of thin cardboard, 4 cm^ 
1 piece frosted acetate, 4 cm^ 
1 pair scissors 
1 sharp pencil 

m 

ACTIVITY 5<1. Remove the smaller cap from the cardboard 
tube* With a sharp pencil, trace the outside of the tube on 
the 4 cm X 4 cm, piece of cardboard. Cut along the lines to 
form a disk. 



A larger pinhold allows more light to pass 
through* giving a brighter image. But a larger 
pinhole also gives a fuzzier, less distinct 
Image. With the sun at a great distance away, 
this fuzzlness is not pronounced, but with the 
bright square from I'^e light bulb as c: e as 



ACTIVITY 5-2. Make a smooth pinhole in the center of the 
cardboard disk with a large needle or ptn. Place this disk In 
the cap and replace the cap on the tube. 

it has to be, it is very difficult to get any sharp- 
ness if the pinhole Is made too large. The 
maximum size should be a hole formed by the 
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Hole 



point of a sharp pencil pushed lu it 
3 mrn. That means that the hoie will bti: 
Smaller tube cap? diameter. J^. 



Prepare an acetate disk to fit in the larger cap. 

ACTIVITY S«3. Be sure you use a well-sharpened pencil to 
mark off 1/2>cm squares on the frosted side of the acetate 
disk. This must be carefully done. Place this disk In the tube 
cap, with the frosted side out. (Your frosted acetate disk, by 
the addition of the grid lines, has been made into what Is 
comt only called a screen.) 




If the cardboard (13 cm x 0 cm) with the 1 cm^ hole is 
available, skip to Activity 5-5. 

ACTIVITY 5-4. (Mark off a 1-cm square on a 13- x 20-cm 
cardboard sheet In the position shown. Place It on something 
flat that can be used as a cutting surface. With a razor blade, 
remove the square, leaving a hole in the cardboard. 




Cardboard 



ACTIVITY C'5, Tape the 13- x 20-cm cardboard In front of the 
light bulb as shown. Be sure the brightest part of the bulb 
is lined up with the square hole. 

For what follows, you will need a level space behind the 
bulb of up to 3 ft and about 2 ft in front of the bulb. 

6'S 



In order to tea the square Image on the acd« 
tete scredn, it Is necessary to look straight 
Into the screen. It helps If the screen is In a 
darker part of the room* You may want to use 
targe cardboard cartons as light shields 
around the ends of the telescoping tubes. 




ACTIVITY 5-6. Support the tube on books so that It is level 
and pointing straight at the square hole. Have the tube at its 
shortest length (small tube pushed in all the way). Gradually 
move the light bulb and cardboard away from the tube until 
an image of the square hole Just fills 1 cm^ (4 squares) on 
the acetate screen. 

Tube at its ^ . * 

shortest length Acetate 
screen 



As the light source Is moved away from the 
pinfiole, the image will be much dimmer. It will 
be even more imoortant to have the screen 
protected from extraneous light. 



With the telescoping tube at Its shortest 
length, the distances for questions 5-1 and 
5-2 should both be about 42 cm. 




Figure 5-»1 



Image on 
frosted screen 




□ 5-1. What is the distance (in cm) from the pinhole to the 
square hole in the card? 

□ 5«2. What is the distance (in cm) from the pinhole to the 
screen (the length of the cardboard tube)? 

If ycu have made careful measurements, you should have 
found the distance from the pinhole to the screen to be about 
the same as the distance from the pinhole to the square hole 
in the card. 

Now move the cardboard with tiie square hole away from 
the pinhole until only one square on the screen is filled with 
the iir ^e. (See Figure 5-L) 

□ 5-3. Now what is the distance (in cm) from the pinhole 
to the square hole? 
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The new distance you just n*easured should be about twice 
the distance from the pinhole to the screen. 



□ 5-4. How many times bigger is the distance across the 
square* hole in the cardboard (1 cm) than the distance across 
the image (^ cm)? 

Perhaps you are beginning to see some relationships here. 
The distance from the pinhole to the screen and the size of 
the image that forms are related. Although you may not see 



how as yet» you can use this relationship to measure the size 
of a bright object such as the 150-watt bulb. Let's/ee how 
this can be done. 
Here's the relationship you need. 

Distance across the object 

Distance from the o bject to the pinhole 

Distance from the pinhole to the screen 

Here's an example of how the relationship can be used 

The distance from the pinhole to the square hole in the 
cardboard is 84 cm. The distance from the pinhole to the 
screen (the length of the tube) is about 42 cm. The width 
of the image on the screen is ^ cm. All of this is shown in 
Figure 5-2. 



X distance across the image 



You may recognize this mathematical rela- 
■ tionship as the modified lens formula: 



size of object. Hi = 



HO ^ Do 

Hi Dl 

size of Image. Do ~ distance from pinhole to 
object, and Di = distance from pinhole to 
image. 




Distance across the 
square hole 



8 4 cm 
42 cm 

84 cm 



X distance across 
the image 

X \ cm 



42 cm 
= 2 X ^ cm 
= 1 cm 

Now check to be sure that your answers lo questions 5-1, 
5-2, 5-3, and 5-4 fit .he relationship. For example, in order 
for your answers to 5-1 and 5-2 to fit, they must be equal. 
This is because the object and image width are the same 
size at that setting. 



Figure 5-2 




Figure 5-3B shows how you can calculate the distance 
across the sun in the same way that you just calculated the 
distance across the hole in the cardboard (Figure 50A). All 
you need do is set up the sighting scope so that the pinhole 
faces the sun. When the scope is lined up, the sun's image 
will fall on the screen. 



150-watt Cardboard 
bulb with hole 



Hole 



Acetate Sun 
screen / 



Hole 




Distance A 




Acetate 
screen 



Distance A 



Figure 5-3 

Even though there Is a safety note for the 
students, It might be wise to remind them that, 
although they looked directly into the screen 
when getting the square Image with the light 
bulb, they should not use the same technique 
'with the sun. However, the sun's image Is so 
much brighter that it can easily be seen with- 
out looking directly. 



the sun = 



Image of 
square hole 




mage 
of sun 



Safety Note Remember, you should nacr look directly at the 
sun. 

Once youVe formed an imago of the sun, you can get 
everything needed to calculate the distance across the sun 
by using the relationship. YouVc already measured the dis- 
tance from the sun to the pinhole— 93 million miles. Thus: 



Distance across 

93,000,000 miles 



Distance from pinhole to screen 



X distance across the miage 



Now you need to measure the width of the image on the 
screen. 



ACTIVITY 5-7, Point the pinhole end of t^e tube directly at 
the sun as shown. 



ACTIVITY 5-8. Pull the two tectlont of the tubt apart until 
a Mharp Image of the tun forms on the acetate screen. DO 
NOT LOOK DIRECTLY AT THE SUN, 




ACTIVITY 5-9. Adjust the tube until the image of the sun Just 
fits Inside one of the small 1 /2-cm squares on the screen. 
n should Just touch the four sides of the square. Measure the 
distance from the screen to the pinhole. 

□5-5. The distance from the pinhole to the screen is how 
many cm? 

• Now you have all the data that you need to calculate the 
distance across the sun by using the relationship. 

Distance across 

the sun 



93.000,000 miles 



Distance from pinhole to screen in cm 



X i cm 



□ 5-6. What is the distance across the sun in miles? (If you 
make the calculation shown above, your answer will auto- 
matically come out in miles because the centimeters cancel 
out.) 

You may have been surprised to learn how large the sun 
'really is. Its diameter is greater in length than the diameter 
.. of the moon's orbit around the earth. More importantly, 
though, you should be beginning to realize that with careful 
thinking and a few measurements and calculations, astrono- 
^ mers can piovide answers that at first seem almost impossible 
get. 

If you would like to make your own telescope and fcl a 
good look at the moon, do Excursion 5-1. 

.^fiefore going on, do Seif-Evatuation 5 In your Record Book. 




Image of sun 
on screen 



If the student has made careful measure* 
ments. the distance from the pinhole to the 
screen should be about 54 cm (question 
5-5). Anywhere in the 62-68 cm range should 
be considered adequate. The image of the 
sun, though distinct. Is fuzzy enough on ;he 
screen to make It difficult to exactly fit it Into 
one square. Using 54 cm. the distance across 
the sun (question 5-6) becomes 861.000 
miles. The diameter generally used in astron- 
omy is 865.000 miles. An answer anywhere 
between 800.000 miies and 900.000 miles 
should be acceptable. 

Excursion 5-1. "f^oon Gazing," is a fun exer- 
cise in which the student constructs a simple 
t lescope not too unlike the one made by 
Galileo. 

GET IT READY NOW FOR CHAPTER 6 

Small pieces of cardboard and string will have 
to be supplied locally. Studer^ts will also need 
a sheet of white paper. 
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EQL^IPME^!T LIST . 

Ptr ttudenHeam 

1 drawing compass 
1 metric ruler 
1 lead iinkar 

1 SCKcm piece of string 
1 protractor 



1 sheet of white paper 
Masking tape 
Cardboard 
Scissors 



The Fiery Chariot 



Excurtlons 6-1 and 6-2 are keyed to the 
Chapter, and Excursion 4-2 is rekeyed. 



One of the myths told in ancient times described the sun 
as a flaming ball carried across the sky in a chariot drawn 
,by four horses. Since you formed an image of the sun on 
a screen in Chapter 5, you know that part of the myth is 
in fact true— the sun is a flaming ball. 




But does the sun move across the sky'> To you, the answer 
is probably a solid No because you know thai the earth's 
turning is what makes the sun appear to move. You may 
also know that proving this is not so easy. To s(imeone stand- 
ing on the earth, the sun moving around an unmoving earth 
would appear the same as the sun standing still with the earth 
turning. A simple model can show you why. 



CHAPTER EMPHASIS 

The relative motion between the sun and an 
observer is examined, and the effects of this 
motion are studied. 

Chapter 6 



MAJOR POINTS 

1. From observations of the apparent motion 
of the sun, it is impossible to tell whether the 
sun is moving and the earth is stationary or 
the earth is rotating and the sun Is standing 

still. 

2. Th9 apparent motion of the sun is through 
360^ every 24 hours, or 15** per hour. 

0. The Time zones in use are based on this 
apparent motion of 15 degrees per hour. 

4. The apparent oath of the sun across the 
' sky cnangbS from day to day. 

5. Tha apparent speed of the sun can be 
measured by the motion of the shadow that 
it cast?.. 

6 The? apparent speed of the sun is a very 
large number of miles per hour. 
? Because of this extremely high speed, the 
model thCit the sun moves around the earth 
e^ch day is unlikely. 
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This circle is used and referred to in six 
different places in the chapter. Theiefore, it 

ACTIVITY 6-1. In tht space provided In your Record Book, 
draw a circle 18.6 cm across. In other words, the circle has 
a radius of 9.3 cm, or 93 mm. 

^ should be drawn carefully and accurately. The 
measurement of th6 apparent speed of the sun 
is dependent on the circle's dimensions. 

ACTIVITY 6-2. Cut out two cardboard circles about 2 cm 
across. Label one "S," for the sun, and the other "E," for 
the earth. 
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ACTIVITY 6-3. Make a small dot at the edge of the earth. This 
represents a person standing on the earth's surface. 




ACTIVITY 6-4. Place the sun in the center of the circle you 
drew in your Record Book. Then place the earth on the circle 
as shown. Be sure that the "person dot" is In the positio 
shown. 

ACTIVITY 6-5. Stick the point of your compass through the 
center of the earth. You can think of this point as the North 
Pole. 

Compass point 
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□•-1. If you were the person standing on the earth in 
Activity 6-4, would the sun appear to be overhead or on the 

horizon? 6-1 . Th« sun would appear to be on the hori> 
zon (actually, on the eastern horizon) 

ACTIVITY 6-8. *nim th« Mrth around th« compass point to 
tha position shown. 

□8-2. Would the sun appear to be overhead to a person 
standing at the dot? 

□8-3. How many degrees did you have to turn the earth 
to get the sun overhead? {Hint: If you have trouble with 
this question, see Excursion 4-2.) 

ACTIVITY 8-7. Keep turning the earth until It gels to the place 
where, to a person at the dot, the sun would again appear 
to be on the horizon. 

□8-4. Now how many degrees have you turned the earth 
from where it started (in Activity 6-5)? 

□8-5. If you had been standing on the earth at the dot, 
would the sun seem to have traveled across the sky from 
one horizon to the other? 

ACTIVITY 6-8. Check your answer to question 6-5 by repeating 
Activities 6-6 and 6-7. Try to visualize what a person standing 
at the dot would be seeing. It may help to crouch down as 
shown. 



6-6 360' It i<? 'nnpor'3nr t^-.iMns Student sp.? .; 
■*ie '•.or'necto'^ between tne cJpq'e'rS '360) 
3nd ;.'<; i.outs (2-ij 




■ . '■? iMaf Excursion 4-2. "Angles and PiotraC' 
tors. IS rekeyed here for remedial pu'ocses 



□ 6-6. If you were to keep turning the earth until it got back 
to where it started, through a total of how many degrees 
would it have turned? 

As you know, one complete turn of the eanh represents 
one day, or 24 hours. 
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Problem Break 6-1 Is difficult. Encourage stu- 
dents to really work on it. They should be able 
to suggest a variety of ways, with and without 
apparatus, that would show a changing path. 
One would be the change in the length of a 
shadow cast by a vertical object. Another 
would be the changing position on the hori- 
zon of a sunrise or Sunset as seen from a fixed 
point. The greatest day-to-day change can be 
noted In the spring and fall; the least change 
occurs during the summer and winter. 
The Short explanation called for is the more 
difficult part. The apparent path of the sun 
across the sky Is a little different each day 
because of the earth's rotation on its axis and 
Its revolving around the sun in its orbit. With 
the axis of the earth tilted at 23i^ from per- 
pendicular, the sun seems to travel on a circle 
' called the ecliptic. It changes its position on 
tne ecliptic about 1 per day. thus passing 
through the 360^ of the circle in 365 days. 

Note that for a moving earth, the rotation ts 
counterclockwise; but for a moving sun, the 
motion is clockwcse. 
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ACTIVITY 6-9. Now reverse the positions of the earth and the 
sun on the circle. Be sure that the "person dot" faces upward 
as shown. 

; 

□6-7. With the earth and the sun in the position shown in 
Activity 6-9, would the person see the sun overhead, or on 
the horizon? 



ACTIVITY 6-10. Move the sun along the circle to a point where 
It would appear to be overhead to the person. Then continue 
to move the sun to a point where It would appear to be on 
the horizon. 



□6-8. How many degrees did you move the sun to make 
it appear overhead to a person at the dot? 

□ 6-9. How many degrees did you have to move the sun to 
make it appear to move from one horizon to the other? 

Now -think about what a person at the dot would have 
seen in the case of the earth turning, and in the case of the 
sun moving around the earth. In both cases, the sun would 
appear to move around the earth. In both cases, the sun 
would appear to rise from one horizon and to set behmd 
the other! 

PROBLEM BREAK 6-1 

How good an observer are you? You can tell by the answer 
you give to this question: Is the apparent path of the sun 
across the sky the same every day? 

Of course, the sun doesn't leave a trail in the sky so that 
you can see any change in path. But there should be some 
way that you could observe a change if there is any. In your 
Record Book, describe an observation that you could make 
with simple apparatus that would show conclusively whether 
the apparent path of the sun across ihe skv is the same every 
day. If you decide that the path changes, give a short ex- 
planation of why this is so. 
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tt .nay bo p(r>S»l)N; for tho studoDt to USO «1 fiHg 
.stand or otMt»r vorlical support from which to 
hang tho *Mnkuf on the string It could thon 
remam niotfonlobs for the time period, and the 
beginning and ending positions could be 
marked. 



The constrcuni for an fiour of surHrght may not 
be realistic, considering tho length of an 
average class ponod Activity 6*1 2 on the next 
pdv^e modilic'b the ifistruclionb to ailo^ the 
'ise of half an hour 



Excursion 6-1 i'. a goo'J ono for yonoral inter- 
kfSt i\u6 exlori'.Kwi. nntJ »t urovidos sorno back- 
ground on tfio calendar. 



As was said earlier^ it isni so easy to prove that the earth 
is turning rather than the sun moving around it. Suppose 
the sun actually does move around the earth while the earth 
stands still. Because it is far away, it would have to make 
a very long journey each day. It would have to travel very 
fast to make it in just 24 hours. You can get a goo^^ Mea 
of the speed it must have to make the trip. You only need 
a few simple things. But you will have to have an hour of 
sunlight. 

if you don't have a full hour ahead of you in this class, 
read ahead to see what has to be done. Then plan a time 
when you can do the activity. If you have some spare time 

now, this would be a good time to do Excursfon 6-1 and tind ^ [•] ifl 

* out about 'The Night That People Lost 10 Days.'* No equip- 
ment is needed. 

Got a sunny day and a full hour? Then let's find out how 
fast the sun would have to be to go around the ei«rth each 
day. Get the following items: 

1 lead sinker 
1 50-cm piece of string 
1 protractor 

I 2-inch piece of maskmg tape or cellophane tape 
1 sheet of white paper 

Tie the string to the lead sinker. Make an X with your 
pencil in the center of the paper. Take everything outdoors 
or to a windowsill where the sun will shine for at least an 
hour. 

A 

ACTIVITY 6-11. Tape your piece of paper to a flat surface In 
full sunlight. Then fiold the ainker exactly over the X you drew 
on the paper. Draw a short line along the shadow of the string 
on the paper. Jot down the exact time. 




Tape 




Altar 1 hour: 



After Vi hour: 



Shifted 
2ncl mark 



2nd mark 



1st mark 





iMeasufti this ariyie. 
2nd mark 




1st mark 



6-10. This answer (and some later ones that 
depend on it) may vary with geographic loca- 
tion, time of year, and time of day, An accept- 
able answer would be between 10° and 20". 



Figure 6-1 



ACTIVITY 6-12. Exactly one hour later, hold the string as you 
did before, and once again mark the shadow. (Note: If you 
do not have a full hour available, use 1 /2 hour and double 
tne distance of the 2nd mark from the 1st mark.) 

ACTIVITY 6-13. Take your paper back to your desk. With a 
ruler, draw straight lines from the X along each of the shadow 
marks. Measure the angle between the lines with a protractor. 

□ 6-10. How many degrees are in the angle formed by the 
two shadow lines? 

Now try to apply what you have just done to the model 
you built earlier. Figure 6-1 diagrams what would have 
happened if the person standing at the dot in Activity 6-10 
had been holding a sinker as you did. 

Notice in Figure 6-1 that as the sun moves, the shadow 
of the string moves too. This suggests that measuring the 
distance that the shadow moves in a given time could tell 
you how fast the sun would have to move. Let's find out 
if it will. 
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Isi measurement 



1 hour later 
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In Activity 6-1 you drew a circle with a raJius of 93 mm. 
This si?e was chosen to make your next set of calculations 
easy. Think of a distance of 93 mm as representing the dis- 
tance of 93 million miles from the earth to the sun. 



□6'11. How many miles does each mm represent? 

ACTIVITY 6-14. On the circle you drew in your Record Book, 
draw an angle like the one you measured In Activity 6-13. Use 
your protractor and a sharp pencil. Label the dhgle -^s shown. 




□6-12. The distance between 1 and 2 shows how far ihc 
sun appears to travel in how long? 

Using the distancie between I and 2, you can calculate how 
far the sun would have to travel in one hour if it goes around 
the earth in one day. 

You canU measure a curved line ac uratcly with your ruler. 
But when the angle is small, the distance between two points 
along a curve is not too different from the distance along 
a straight line. This means that you can use a millimeter ruler 
to get a good estimate of the distance between I and 2 

6-13. 16 mm to 32mm 
6-14 16.000.000 mi to 32.000.000 mi 
6-15. 16 million mph to 32 million mph 

□ 6-13. What is the distance in mm from point 1 to point 2? 

□ 6-14. Using the scale you determined in Ljucstion 6-1 L 
what is the distance in miles that the sun would have had 
to travel? 

□ 6-15. What would its speed in miles per hour have to be? 



If the apparent path of the sun were on the 
celestial equator every day Instead of con- 
tinually on a different path in the sky. tht?n the 
shadow motion in one hour would be 16®. 
With this changing path across the sky. the 
apparent speed of the sun also changes dur- 
ing the different hours of the day. Thus, the 
angle measured in Activity 6-13 will affect the 
answers for questions 6-13. 6-14. and 6-15 
below. 

The statement is made that when the angle 
is small, you can use a ruler to measure the 
distance from 1 to 2 (measure the chord In- 
stead of the arc). For your information, for 
an angle of 15". the arc is less than^ of 1% 
larger than the chord— an amount too small 
to detect with a ruler. 
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As a comparison, the orbital speed of Mer- 
cury, which Is the fastest traveling planet, is 
about 106.000 nniles pBr hour. Fastest orbital 
speed for a satellite m circular orbit around 
the earth is about 17.000 miles per hour 
Both of these speeds are tiny compared to the 
calculated speed of the sun. 

6-1^. The spoed of a point or. the equator \s 
about 25.000 m-'es in 24 hours, or shgntly 
more than 1,000 miles per hour. 

If the earth turns through 360'' m >A hours, 
then it turn*? 16"* per hour. This is tne average 
number o* degrees the sun appears to travel 
in an hour. The students' answers s^iouid 
indicate that the time zones, one hour .n 
difference, are roughtly 15** n width. The 
continental U. S. is about ^.0" across (67' Vv 
{at;tud{; to 125"* VV latitude) art-j there are n 
time zones: Eastern. Central, fvlountain. and 
Pacific. Each is approximately ^5° wide, al- 
though the width varies omewhat to accom- 
modate state bouiidarie<? 



Vouf answer U> question 6-15 should be a very large num- 
ber. In fact, the speed is many, many limes greater than that 
of any satellite ever put into orbit. And it is far greater than 
the calculated speed of other planets and most stars. There- 
fore, the model that the sun moves around the earth each 
day is very unlikely. 

□ 6-16. Can you think of a way to calculate how fast the 
earth is turning? (Hint: The distance around the earth is 
25,000 miles.) 

PROBLEM BREAK 6*2 

^You know that the apparent rising and selling of the sun 
IS caused by the earth's making one complete lurri on its 
axis in 24 hours. You know that there arc 360 degrees in 
a circliN or in one turn ^f the e;»rth. Using this information, 
you can li ^ure the number of degrees lhai the sun appears 
to travel ii. one hour. 
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CHAPTER 6 



Vvhat IS the rclaiiv>nship between the number of degrees 
thai ihe sun iravcls in one hour and the lime 7on'\s that wc 
use? i-or example, why is the time in New York dill'erer.t 
from the tunc in C'hicai't^ and ihe time in Denver dillerent 
ironi ihc linic in Lo.>> Angcks? Write your oxplanaiion in 
your Record Book. 



You have seen that your daily observations of the sun do 
not tell you whether iu or the eaith* is moving. Because 
you've been told, you know that the earth is turning— the 
movement of the sun is just an illusion. Even so, it is more 
comfortable' to say tha; the sun is **rising" or **setting" than 
to say the earth is turning. It feels quite natural and okay 
to say the sun moves across the sky. 

Many scientists of old ihought man lived in a sun-centered 
%ystem. Others claimed that the universe was eaith-ccntered. 
To find out how Galileo resolved this debate, do Excur- 
•-2. 



Excurf.ion G-;* is for extension ar-.d cjeneral 
interest and ttie student follow GahiL-o's 
!o(jic «n solving the problem of the mode! of 
the soiar system 



6^ ff<. iolng on, do Saif-Evaluation 6 in your Record Book. 

No advanct^ pfepdration5> need De m.ade for 
Chapter 7. 
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CHAPTER EMPHASIS 



EQUIPMENT 
None 



On Your Own 



The student finally uses data he gathered in 
Chapter 2, with the dibtance to the sun in 
Chapter 4. to find the sun's power He then 
uses techniques from other chapters to solve 
some individual problems in astronomy. 

Chapter 7 



Excursions 7-1 and 7-2 are keyed to this 
chapter. 



At the beginning of this unit, you set out to investigate the 
way astronomers get information about celestial objects. You 
now should have a pretty good idea of the way they work. 
By using sun-energy measurers (pyrheliometers) and photo- 
graphs of spectra, and by calculating angles, astronomers can 
xxiake quite remarkable measurements. 

In this last chapter you will be given a chance to apply 
a few of the astronomers* techniques on your own. Your firi>t 
investigation will help you wrap up your study of the sun. 

Back in Chapter 2 you learned that the sun procuces the 
same effect on your sun-energy measurer as docs a 50-watt 
bulb held a few centimeters from it. However, you never 
really found out how many watts jof power the sun has. 




MAJOR POINTS 

1 The power of the sun at a distance of 93 
million miles ca.T be compared to the power 
of a light bulb at a short distance 

2. The power required to produce a p&i Jcular 
heating effect on an object must be foi«r times 
as much when the distance from the power 
source to the object is doubled. * 

3. If power vanes as the square of the dis- 
tance, then the power of the sun can be com- 
puted in terms of a 50-watt bulb. 

4 The power (wattage) of the sun is a huge 
number. 

G Using obst*r t:d spectra and pyrhenometer 
readin'-js. and given the distances to stars, a 
comparison can be made of their power and 
composition 

6. The maxirnun sighting angle of Mercury 
can be used to find the shortest distance from 
the earth to the planet 

7 The passage of a planet sucn as Mercury 
across the face of ine sun. as viewed from the 
earth. IS called a transit. 

8. Data from a transit and from other known 
distances car; be used to determine the diam- 
eter of the planet 

9. Astrc^no'^iers use other tools besides tele- 
scopes 

This chaj'jter ca'is for acpiication by the stu- 
dent of the v.if.ous concepts encountfred 
during the unit Due to the lack of equipment 
usage ana o>;)or.mentai activities, there is a 
dang*»r that the work will be ta^en loo lightly, 
and rapidly ;;ai.sed over GuaM against trus 
The chapter can be Iho fronting on the 
cake 
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Excursion 7-1. "Power," is remedial-revjow 
This is really the first place that the studerit 
IS expected to understano the difference be- 
tween energy and power. Encourage students 
to do tne short excursion. 



1V> see how you can measure its power, you need to think 
of the sun as a great biiz \\\ihl bulb 93,(KKl{)(]0 miles from 
the earth. To ligure out how many watis that big sun bulb 
has, vou need to know an important rehiiionship. Vou need 
know how distance atVect^ the amount of light coming, from 
a far object. You have a big elue to that relationship from 
J^l^l^^^ diapter 2. (Do you know what po\>"er is? I..ook over Er.-^ur- 

In Activitv 2-12. you found out the effect of a 5()-walt bulb 
on your pyrhelionieter. You p.'aced the bulb 20 cm fr<>m the 
pyriiehometer and ob.servcd a certain temperature change. 
In Activity 2-13, vou moved the liuht socket to a distance 
ol' 40 cm i'rom the p\iheiiomcleK Ywu ihcii (viund r^ut Iuav 
many watts were needed to produce the same elfect that had 
been caused by the 5U-watt bulb at 20 cm. 



Qviestion 7-1 refers the studOMt to queslion 
2-21 fo« an answer. Th»s is jus! one example 
of the need to use alt the preceding chapters 
in working on this one. Of course, tho previ- 
ous answer may have been incorrect, and you 
may want to check for this it should have 
been 200 watts As the distance is doubled. 
(20 cm to 40 cm) the wattage -ncreaies js 
tho square of the difference. 2- 4. 4 x ^0 
watts - 200 watts 



7-2 As ir^O'Oated al;o\u. yuu musi rr.j.t.pi 
tne vattaqe by four it t^e stu^un! dc "^.n t r.t.u 
this on the na-^ts of previous work, ir^s tuies- 
tion. the following paragraph, dr^d Fifjuro 
you may have to spena some ttme on t^ie 
concept 



.7-1. 1K)W many watts at 40 cm produced the same 
on your ^un-enerJJy measurer aN did a 5iJ-wait bulb 
c?n7 (See your aiiswcr to question 2-2 K) 



ellect 
at 20 




;7-2, W hen vou double the diNtaiiee Im»iu the p\ i heliomdei 
to t:i<* liiiht .source, what must \on do itie loi.il \vatta,i!e 
of llie bulb to keep the sun^cnei^\ me.iNUier readini: the 



same 



ir \uii did \our aiithmelK v.elL \ou now Vwow \v^\\ lu- 
crcaNin^ dl^^anee allees the .imuuui ol liiihi coinHiit: Iroin 
a .source. When the distance Irom an ohjccl to a hi-iii source 
IS douhled. the |)i)vver ol the ht'hl siuucc ^Ul^t Iv liuir tlI]K'^ 
greater il^ the same air.oiiui u! MlIh l^ u> leach ih.e ohjcLl. 
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CHAPTEIR 7 



(See I ii:uie i.) 




2 X distance A • 




Distance A < 



m 



4 X R watts 



R watts 



This relationship plus your earlier data is all that you need 
to know in order to measure the wattage of the sun- Table 
7-1 suggests one way to do this. 




Figure 7-1 



Tabl^ 7-1 



f.'i. . Wattage 



v., 



fe^^r^ " 3,200 

^>-.'.ri^i''i?.,8oo 



There »s nothmq v^^ong vvJth this method of 
coubhng distance and quadrupimg wattago as 
r,ho\A/n in the table And actually the doubimg 
gets to 15.000 000 000.000 cm q,iite rapidly. 
A total of 40 to 43 entries will do it— less than 
two sheets et paper The checklist that is 
gtv/en wiil :>eip Be sure thai the student starts 
wiih the actual distance (question 2-18). and 
not with the 10 cm as shown in the sample 
table. 



The person who made Table 7-1 simply kept doubling ihc 
distance an imaginary bulb was from a sun-cncrgy measurer. 
To keep the light received the same each time, he kepi 
multiplying the wattage of the bulb by 4. If he were to keep 
domg this until the disiance became 93 million miles 
(15,000,000,000,000 cm), he would have found the wattage 
of the sun. 

V you have a lot ol time to spare, yi)u niight like to try 
the approach taken in Table 7- 1 . Another way to do the same u v • ^ 
thmg is described in Excursion 7-2, '^Using Squares to Mcas- ^i^Kt" I.J^Ci [•^k'l 

urc Distance/' Although shorter, it mvolvcs slightly more- 
difficult malhenMticN. Use one of these two methods to cal- 
culrle the sun's power in watis. If you decide to use the 
longer method described in lable 7-1, you may lind the 
following check list helpful. 



1. Make two column^ on a .>hcei of hned p;tpcr. 

2. Label the left-hand column "Lyisiance'' and the right- 
hand column **Watiai!c/' 



The more maihemat caily mcnneo studerits 
n^.ay want to uso Excursion 7-2 for tixtonsion 
It jS dofin;tejy '^norter than tne 43-efitry table, 
but rt;quire'j <ui understanding of the law of 
.^cjuarfrs 
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As you can sunnise, it is not likely that tho 
student will reach exactly 15.000,000,000,000 
cm as indicated in step 6 for example, the 
40th entry may be some number like 11,446. 
337.208,320 cm for distance, and 16,914.575, 
040.808.832,043.827.200 for wattage. Another 
doubling of distance for the 41st entry will 
give 22,892,694,416,640 cm for distance and 
67.668,300, 163.?r^G.32a, 172 for wattage. The 
40tn entry was too low by 3,663.662,791.680 
cm, and the 41st entry was too high The 
student can (a) say that the wattage of the sun 
lies between the 40th and 41st entries, or (b) 
estimate how much greater \he wattage is 
than the 40th entry and use that figure, or (c) 
interpolate by saying that the amount by 
whitfh the 40th entry was too low represents 
of the way toward the 4 1st entry and take 
that part of the wattage difference betwuon 
the two entree? 

7-3. The actual figure the student yets »s not 
toe important, but, for your information, tho 
sun's power is about 370.000,000,000,000. 
000.000.000,000 watts (that s 3.7 x 10^*' Wj. 



Figure 7-2 

Spectrum of ISCS-A 



3. At the top of the left columnX write in the distance in 
em from question 2-18 of cKapter 2. Opposite this 
number, in the right-hand columfu write in 50 Watts. 

4. Double the distance in the Iefl-hai\d co'umn and write 
the new distance under the first. Ivlultii^y the 50 W in 
the right-hand column by 4, and vXriie the new wattajje 
(200) under the 50. ^\ 

5. Keep doubling the disfi^-ce number ijn the left-hand 
column. Each time, multiply the wattagd number in the 
right-hand column by 4, J 

6. Continue doubling the left-hand ny-nibers until you 
reach 15,000,000,000,000 cm. In each case, multiply the 
number in the right-hand column by 4. 

7. The last number in the right-hand/ column, opposite 
15,000 000,000,000 cm, is the estii)j;ited wattage of the 
sun. V ^ 

□ 7-3. What is the wattage of the sun? 

Now you should test your ability to use some of the other 
techniques you have learned. For the tirsi exercise, you will 
be given spectroscope data for two stars, ISCS-A and ISCS-B, 
Your task is to interpret this information to fmd out as much 
as you can about the stars. From it, you should be able to 
say something of the way the two stars compare in ^omposi- 
tion, distanc<^vand power. 

Figure 7-2 shows the spectra observed when the light i\oin 
ISCS-A and ISCS-B passed through a spectroscope. It alst) 
shows the s>,.;tral lines of some common elements. Look 

A 

at the spectra carefully. They and Tables 7-2 and 7-3 contain 
all the information you need to fmish this first exercise* 





Spectrum of ISCS-B 



H9 helium ^® 
H Tz h>drogen 



II 



Ca :^ calcium He H H He Ca Ca 

Spectral Lines of Selected Common Elem .s 



as 



Table 7-2 



■■ ' Distance from the Earth 



V.;. ISCS-A. ■ 50,000,000,000,000 miles, or 8,000,000,000.000,000.000 cm- 

' 

■ :• • ISCS-B 25,000,000,000,000 miles, or 4,000,000,000,000,000,000 cm 











Energy Data- 




^i.*' Sun- Energy Measurer Reading 


4 


ISCS-A 


19.9» C 


» ■ 


ISCS-B 


34.6' C 




Reading in shade 


5.2* C 



about 20.('O0.Ol)O.O0(»,0U'J rrnU.'S away, which 
nna?ch(!i. d.stdnco U) l!>GS-R It «ti the triple 
Mar Alpha (:-i;t.j»:r ISCS-A ■ .:.t ^bout 
matches in vJ-^UiiiCt< o«riu-». tiiu bnyntubt star 
in tho sK>' 



Table 7-3 



Tho pyrhfiinfT.t 'it r wouifJ » • < our:...* have to be 
fiiounttyj Vn: Uii'yjU ot a Utrr-f i.-iofjcope in 
ordur to ynt tjity ufi«igy ruadi'Hjo 



□7-4. In your Record Book, record your conclusions about 
the two stars. Then give a brief explanation of the way you 
reached the conclusions. 

Your written discussion should include a comparison of 
the two stars in terms of their power and the elements they 
contain. Try to get other information about the two stars if 
you can. You will probably want to review Chapters 1, 2, and 
7 as you do this activity. 



ffom tho :.i,»T.wa. th(; studrnt shouM conclude 
ih.jt star A f (jfa.niib thfj »tii 'fiifnti htMium and 
MydroQfM iiiid star B '^'^nt^iiib nyrjnxjtin and 
calcium M')f?i tho distanr:*? and viu^^gy data. 
!.:uflor.ts '..houM cor;(. ■..'!■• 'hat '.:a' A ir> twjce 
,is far away .r. star B. that tlM* tMH*r<jy : t/ceivo^ 
ffO'M star ii i-. ubOiit tvs.co a*; fr..jLn as ^thcii 
t orn star A. ajuj tr^at thffk'tnfo tno povver of 
s!.ir A IS n?. alor than th.a (>i star D It the two 
■■tars had t^u- sa'uo powoi st.ir A v.^^u'd have 
pfOCK;Cf:d ov'y ; as mucM • ruluro CMange 



as star B. w o 
J:'.slead :! p.'vCl. 



st.ir A twiCi 

kVki much. 



,Ki l\r away 
'u •A.ii A must 
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MEASURING 
THE DISTANCE 
TO MERCURY 



Usmg the maximum angle of 28"^ anc» the 
msthod 0? Chapter A ths S'jn-tc-Msrcury dls- 
tarfte comes out about 42.8 million miles. 
Subtracting tnis from the Earth-sun distance. 
93 million miles, gives about 50 million miles, 
(question 7-5'> Actually, the orbi* of Mercury 
IS much more elliptical than that of Earth or 
Venus, and its distance from the sun vanes 
from 28.5 million to 43.5 million miles. 



MEASURING 
THE SIZE OF 
MERCURY 



Your next problem is to determine the shortest distance from 
the earth to the planet Mercury. You can use a procedure 
similar to that used in Chapter 4 to lind the distance to the 
sun. You may assume that the earth and Mcrcur)* both move 
around the sun in circular orbits. You know that the ea:th 
is approximately 93 million miles from the sun, and that the 
maximum sun-earth-Mercury angle is 28^ Figure 7-3 illus- 
trates this. With it and the data given, you should be able 
to solve the problem. Make your observations and record 
your findings in your Record Book. 

[rj7-5. Record your calculation of the shortest distance from 
Mercury to the carlh. 

Figure 7-3 



Earth 




livery lew years the sun. the earth, and Mercury line up 
perfectly, with Mercury between the sun and the eartli. This 



is shown in I-igure 7-4 



Figure 7-4 



Earth 




A transit of Venus is a much finer Sigfit be- 
cause VeoLjS IS both closer and icirgnr than 
Mercury However, this event is ralhor rare, 
and the next transit of Venus will not occur 
until the year 2004. 
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CHAPTER 7 



When this happens, astronomers can photoj^raph Mcicury 
as it passes across the face of the sun This is called a iransii. 
Such a transit was observed in 1970. and there will be anoiiier 
in 1973, in 19S(.. and \\\ 1993. ITjiure 7-5 shows Mercury 
crossini! the sun. 




Perhaps you see how this information can be used to de- 
termine the diameter of Mercury. 

Suppose, during a transit of Mercury, the apparent size 
of the planet was measured to be as wide as the sun that 
it was crossing. Find the diameter of Mercury, using the 
following data you have already worked out; 

1. The distance to the sun—from Chapter 4 

2. The size of the sun— from Chapter 5 

3. The nearest distance from the earth to Mercury— your 
answer to question 7-5 

□ 7-6, Record the diameter of Mercury in your notebook. 

For lack of time and better equipment, you have not used 
to the fullest the measuring techniques youV- learned. By 
looking at spectra, astronomers can determine such things 
as the speed of moving objects, as well as their tempeiatuic 
and composition. Mather/^atics can be used to produce many, 
many other kinds of dL *nce measurements. 



Tho diameter of Mercury can be found by 
proportion, using the data given below, as 
follows: 



Diam. of Mercury 
J^, diam. of sun 
Diam. of Mercury 
5/7x~865".06crm7' 



Distance to Mercury 



Distance to sun 
50.200.000 mj 
93.0007060017 



n.arv, ^4KA 60.200.000 X 4325 m. 
Diam. of Mercury rr ^ 

93.000.000 
Diam. of Mercury = 2.335 mi 

The accepted value for the diameter of Mer- 
cury is about 3.000 miles The computed di- 
c oter compares favorably, and if the mean 
distance from Mercury to the sun of about 36 
million miles had been used, it would have 
made the distance from the earth to Mercury 
nbout 57 million miles, and the diameter 
would have come even closer to the accepted 
figu.''e 
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It wilt probably come as no surprise to you 
that there are very few astronomers who 
spend much time looking through big tele- 
scoped. Instrumentation and photographic 
techniques have made great changes in the 
art of astronomy. 



Most people think of astronomers as constantly looking 
through big telescopes. Although the telescope is certainly 
important for gathering information about staYjfand planets, 
it is by no means the astronomer's only tool. In recent years, 
new ways of studying the heavens have been used. Not long 
aeo. for example, it was discovered that some stars and 
groups of stars give off radio waves. By studying these waves, 
radio astronomers are locating objects that were unknown 

only a few years ago. ,• »u t . 1,^t 

If you've done your work well, you now realize that a lot 
of work involves only a pencil, a piece of paper, and, most 
importantly, a lot of hard thinking. Of course, a computer 
comes in handy. 

Before going on, do Self-Evaluation 7 In your Record Book. 
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Excursions 



Do you like to take trips, to try something different, to see 
new things? Excursions can give you the chance. In many 
ways they resemble chapters. But chapters carry thp main 
story line. Excursions are side trips. They may h. • /ou to 
go further, they may help you go into different m<...rial or 
they may just be of interest to you. And some excursions are 
provided to help you understand difficult ideas. 

Whatever way you get there, after you finish an excursion, 
you should return to your place in the text material and con- 
tinue with your work. These short trips can be interesting 
and different 




EQUIPMENT LiST 

3 pagboard backs 
1 10-cm length of nichrome wire 
1 petrl dish or baby-food jar 
1 alcohol burner 



1 spectroscope 
1 small container of water 
1 tSO-watt bulb in receptacle 
1 small pinch of NaCi 



Those strange 
Dark Lines 



This is an extension excursion requiring 
careful observation. 



PURPOSE ♦ 

To allow the student to observe the absorp- 
tion, or dark-line. spectrum of sodium. 



Excursion 1-1 



MAJOR POINTS 

1 The dark lines that cross the spectrum of 
tho sun are in the same positioi. as the bright 
lines in the spectra cf certain elements. 

2 r ^dmm vapor can subtract the yellow lines 
from the spectrum of a bulb. 



lu Pkt;t?p Tfutii uvtji iiwoiiUiiiiy u 



Your work in Chapter 1 introduced you to bright-line spectra. 
Now perhaps you'd like to meet the black sheep of the 
spectral family. If so, start right in. 



tudent. it 

would probably be wise to make it clear that 
the F'aunhofer lines are extremely difficult ur" 
observe, and there 's a possibility that they 
Will not be seen 



Safety Note Remember not lo look directly at the sun an you 
do the activities that follow. 




ACTIVITY 1. Once again, use the spectroscope to study a 
bright spot of sunlight reflected from a piece of white paper. 
Look very carefully to try to locate a few dark lines in the 
spectrum. Do not look directly at the sun. 

Sunlight 

/ / 

It is pos5>.w''^ (but not probable) that the stu- 
dent may see most or all of thf 8 most promi- 
nent dark lines in the solnr i,^ectrum. They 
are found in the following posifons. (A) deep 
red; (B) red; (C^ red-orange. (D) yellow— these 
are the sodiu'.i lines; (E) green; (F) blue- 
green. (G) blue-vioiet; (H) deep violet. 



□ 1. In the space provided in your Record Book, sketch any 
dark lines you observe. (If you don*i see any lines after 
looking very closely, leave the space blank.) 

Did you have difticuUy seeing the dark iuics in the spec- 
trum of the sun? Don't feel too bad. Not only did some of 
the great scientists in the past not see the lines in the sun's 
speetrunK but some who did see the lines disregarded them. 
For example, one good scientist thought they were merely 
the boundaries between the various colors. 



For your information, the good scientist men- C; ; . . , 

tioned here • as William Hyde IVollaston. emi- j^*; ' ^ 

nent English chemist and physicist. He first f/; .. -..^^ 

observed .he lines in 1802. f ' ^' v . • * 

Joseph von Fraunhofer i. v v '* 



Joseph von Fraunhofer (;787-i826; -as a ^ 

German pnysic.st and oolicai-instr. nont ^ . 

maker, he is credited with the invention t * the • ♦ • 

diffraction gratmg thet is used on the spec- ■ '< 

troscope. V 
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The dark lines that cross the spectrum of the sun were 
first investigated by Fraunhofcr in 1814 He measured but 
couldn*t explain the positions of a great many of them. The 
lines are now called Fnmnhofer lines in Fraunhofer's honor, 
but their explanation v^as the product of another great scien- 
tist, Kirchhoff. 

It was found that these dark lines on the spectrum were 
in exactly the same position as the lines in the bright-line 
spectra of certain elements. The dark lines arc believed to 
be caused when light from the sun*s surface passes through 
the gases in the atmospheres of the sun and the earth. Fig- 
ure 1 shows a comparison between the two kinds of lines. 

The spectrum of the light from the sun has been photo- 
g:aphed, and the positions of the dark lines noted. I hesc 
lines have been compared with known spectral lines. In this 
way the astronomer has been able to predict what elcmenis 
the atmosphere of the sun contains. 



Gustav Robi;it K.rchhot* (1824-18^/) also 
wab a Gorin/jn physicist. He is perhaps best 
Known for his Law of Thermal Radiation and 
his fuleb for calculating currents m electrical 
networks. 



Figure 1 





Fraunhofer lines in 
sun*s spectrum 




You can do a simple experiment that will let you see the 
Fraunhofer lines of the element sodium. You will need the 
following equipment: 

3 pegboard back^ 



1 nichronie wire, 10 cm long 
1 petri dish 
1 alcohol burner 
1 spectroscope 
1 small container ot water 
1 150-watt bulb in parallel-circuit receptacle 
I small pinch of NaCl 



A container, such as a babv-?'jo.l jar. may bo 
used instead of the pefi dish. Likowise. the 
nichrome wire that was used witn the NaCi 
in Chapter l rpay be used here mstoad of 
maKmg a new one 



Bright lines in 
helium spectrum 




I, Bright lines In 
hydrogen spectrum 



EXCURSION 1-1 73 



□2. In the space provided, draw your predicted position of 
the dark lines of the Na spectrum. (Hint: What did you find 
for the bright-line spectrum?) 

Figure 2 Take your equipment to a place where the bulb can be 
plugged in. Figure 2 below shows how the bulb, alcohol 
lamp, and spectroscope will be arranged after you have 
completed Activity 3. A corner formed with two pegboards 
and a third placed on top serves as a shield for the light. 




60 cm, 



ACTIVITY 2. Plug in the 150-watt bulb. Support the spectre* 
scope with books. Adjust the height of the books so that the 
spectroscope is pointing straight at the bright part of the bulb. 
The bulb should be about 60 cm from the closer end of the 
spectroscope. 
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ACTIVITY 3. Turn off the 150-watt bulb. Place ihe alcohol 
burner close to the end of the spectroscope. Dip the nichrome 
wire into water and then Into the NaCI. Then hold it in the 
flame, avoiding the wick. You should see the yellow sodium 
lines clearly through the scope. Adjust the height of the burner 
if necessary. 



'8 





Nichrome 
wire 

After you have completed Activity 'i, you should be able 
to see the bright continuous spectrum from the bulb when 
it is turned on, and the bright yellow lines from the NaCl 
flame when the bulb is oil', without having to move the 
spectroscope. Make the necessary adjustments until you can. 

ACTIVITY 4. Twist the end of the nichrome wire so that It will 
hold more salt (NaCl) In the flame. Dip it Into water to moisten 
It and then Into the NaCl. 





ACTIVITY 5. Turn on the light. Light the alcohol burner. While 
you are looking through the spectroscope, have a helper put 
the nichrome wire with the NaC! Into the flame. Look at the 
spot where the bright yellow lines appeared before. 




.1 





□ 3. In the space provided in your Record Book, describe 
what you see. 



With proper (and much more sophisticated) 
equipment, a dramatic demonstration of 
dark-line spectra can be done. Light from a 
carbon arc. after passing through a series of 
ienses and prisms, forms a continuous spec- 
trum on a screen In a darkened room. A small 
amount of metallic sodium is Inserted into a 
partially evacuated glass tube. When this tube 
Is placed in the light path and gently heated, 
two dark lines appear In the yellow region of 
the spectrum. 



If the observations are carefully made, and the lamp, 
flame, and spectroscope are lined up properly, the dark 
Fraunhofer lines should appear where the bright lines wei*: 
before. The sodium (Na) vapor in the llame :>ubtracts the 
yellow lines from the spectrum of the buio. Fraunhofer noted 
that the measured positions of the dark lines were exactly 
the same as the bright lines of many of the elements in a 
flame. 



□4, How did your lindings compare v.ith your prediction 
in question 2? 
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EQUIPMENT 
None 



PURPOSE 

To provide a review of the energy concept. 



Energy at Work 



This is a remedial-review excursion. The stu- 
dent Is led Into It through the Checkup In 
Chapter 2. 



Excursion 2-1 



MAJOR POINTS 

1. Energy Is equated to work. 

2. Energy exists in different forms, 

3. Energy can be transferred from one place 
to another. 

4. 'Energy can be changed f.om one form to 
another. 

5 Energy can cause a change In matter. 
6. Energy is conserved. When it changes 
fiom one form to another, no energy is lost 
or destroyed. 



Whenever possible, scientists use operational definitions in 
describing things they study. For example: 
A scientific operational definition for work is 



WORK = FORCE X DISTANCE 



Answers to Checkup 

The correct anawert for the 
Checkup are 1 c; 2 b, d; 3 b, 
c, d; and 4 a, c. Notice that 
some questions had more than 
one correct answer. If you 
missed any of these, or If you 
checked any of the other 
choices, do this excursion be- 
fore going back to Chapter 2. 




According to this definition, Iggy (above) is doing work 
if he does two things: 

1. Applies a force to the box, and 

2. moves the box some distance. 

Somehow, Iggy has the ability to do work. This ability can 
be thought of as something present in him. We'll call it 
energy. The scientist, being precise, wants a more accurate 
definition of energy. He says, **Hnergy can do work." 
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The scientist's delinition of energy has an interesting result. 
There arc Uiflerent kinds of things that can do work. There- 
fore, energy must exist in different forms. , . . . 

F^r example, electrical devices (1) can do work; therelore. 
electricity is one form of energy. 

Heat (2) also can be u.ed in doing work. It, too, must be 

'Tifht (3) is considered.' as another form of energy because 

it can do work. 

Still other forms of energy exi.M. Chemical energy is an 

^To^tnow from your own experiences that energy can be 
transferred from one place to another. Light, lor example 
travels to the earth from the sun. A hot object next to a cold 
one loses heat to the cold object. Electricity can move from 
a power plant to the lamp on your table. 

□ 1. Give another example of the transfer of eriergy. 

Remember, too, that energy can be changed from one form 
to another. For example: 

Light can be changed to heat. 

Electricity (4) can be changed to light and heat. 

Heat (5) can be changed to light. 

□2. Can you give an example of heat being changed to 
electricity? 

□ 3. Can chemical energy be changed to electrical energy? 
□4. Give an example or two of how energy causes a change 
in matter. 

When these changes in mailer occur, and when one form 
of eneigy changes to another, no energy is lost or destroyed^ 
Energy may be absorbed, released, changed in form and 
spread around, but it is always somewhere-it is always 
conserved. Scientists refer to this fact as the conservation ot 

energy. 

Return .now to Chapter 2. 
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EQUIPMENT LIST 

Watch or timer with second hand. 



PURPOSE 



To show a simple method for measuring the 
diameter of the moon. 



The Moon's 



Excursion 3-1 



Measurements 



This Is a general-ln*eiest excuraion that re- 
quires a Short period of observation outside 
of school and a small amount of calculating. 



During the 1968 Christmas holidays, the world was thrilled 
by the successful orbiting of the moon by three American 
astronauts. Of course, since then, several men have walked 
on the moon*s surface. However, the first humans to get close 
to the moon's surface, astronauts Borman, Lovell, and 
Anders, were in an excellent position to measure the size 
of the moon. 

Even though you are a long way from its surface, you too 
can measure the diameter of the moon. And you can do it 
almost as accurately as could the astionauts. All. you need 
^5 a clock and the ability to visualize the motion of the moon 
with respect to the earth. Figure 1 will help you do this. 

Figure 1 



1.500,000 miles around 




Moon 



MAJOR POINTS 

1. The distance around the moon's orbit. 
1.500.000 miles, can be found by multiplying 
the distance to the moon. 240.000 miles by 
2 X 3.14 (2 pi). 

2. The apparent motion of the moon is influ- 
enced by the rotation of the earth and the 
movement of the moon in its orbit. 

3. Most of the apparent motion of the moon 
is due to the earth's rotation. 

4 The time that it takes for the moon to move 
one diameter in the sky. divided into the 
length of time for one day (24 hours), will give 
the number of moon diameters in one orbit, 
5. Dividing the number of miles in the moon's 
orbit (1 .500.000 miles) by the number of moon 
diameters in one orbit will give the diameter 
of the moon m miles. 
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105 



How do you calculate 
the distance around 
the moon^s orbit? Sec 
the last part of this 



Moon 



B 



\ Moon 





Figure 2 

The correct timing of the passage of the moon 
across a wire is the crucial point. In order to 
get a reasonable measurement, the w>re 
should be in such a position that it Is at a right 
angle to the moon's orbit so that the moon 
will pass straight across the wire and not 
laterally along it. The actual time of passage 
Will 1 relatively short, but it may take consid- 
eraDly longer to get m the proper position for 
the sighting. 



Notice that the figure reminds you of two important as- 
sumptions. Keep these in mind as you proceed. 

1, It is asumed that the moon\ orbit is a cirdc, 1.500,OX) 
miles around- The earth is pl^ed at iho oeniur of thdi 
arde, 

1 Tie t^irti -.irw ii i vm.j^r.r .^o^::. 

assumptions are not compleiely accurate. Tney arc close 
enough, however, to Wl you make the measurements you 
need. 

On a night when the moon is full and the weather is clear, 
watch the moon for a few minutes. If you look carefully long 
enough, you will notice that the n:oon appears to move in 
the sky. If you know your directions, you may even notice 
that it moves from east to west. Look at Figure 2 and do 
some thinking. 

The apparent motion of the nu)un is iniluenccd by two 
things: (A) the turning of the earth, and (B) the moon's 
movement in its orbit. 

Astronomers have found thai most of what appears to he 
ihe motion of the moon is due to the turning of the earth. 
In fact, it is reasonable to assume that when you view the 
moon for only short periods of an hour or so, all the motion 
observed is due entirely to the earth's turning. You will as- 
sume this to be so as you make the observation called for 
in Activity 1. 

Your first problem will be to fmd out how fast the moon 
appears to move. Since doing this may take an hour or so, 
you^d belter start your work fairly early in the evening. 

ACTIVITY 1 . Line up the top of the moon with a power line or 
telephone wire. With your head restmg against some object 
to keep your eye steady, time the movement of the moon 
across the wire. Record the time in minutes as your answer 
to question 1. 

^ v! I J Moon at B 

Do not move 

your head. 




□1. How many minutes did it take the moon to pass across 
the wire? 



Your answer to question 1 is a very interesting measure- 
ment. Figure 3 may help you figure out what it means. The 
drawing is based upon the assumption that the earth's motion 
makes the moon appear to move. 

f 

Position of wl'o at 




The rotation of the earth moves the wire and observer to 
a new position with respect to the moon. vSince the observer 
\thinks he is motionless, he naturally believes the moon has 

□ 2. In question 1, you recorded the minutes it takes for 
the wire to sweep across one moon diameter. How many 
minutes did this sweep take? 

□ 3. How many minutes does it take the earth to make one 
complete rotation? 

□4. How many moon diameters would a telephone wire 
sweep across in one full day? (Hint: You know the time 
needed to sweep across one moon diameter. You also know 
how many minutes* there are in one full day.) 

You now have enough information to calculate the moon's 
diameter. Your answer to question 4 tells you how many 
moon diameters there are in one moon orbit. Figure 4 illus- 
trates this. 

xU5' 



Figure 3 

1 . The time should be about 2 minutes. For 
Simplicity in the calculations, you may want 
the students to round off the reading *o the 
nearest minute, and not use a fraction or a 
decimal of a minute above or below the two 
minutes. Question 2 Is just a reaffumation of 
this same reading of 2 minutes. Question 3 is 
24 hours per rotation multiplied by 60 minutes 
por hour, or "1.440 minutes per rotcttton. in 
question 4. 1.440 minutes per rotation Oivided 
by 2 mmutes per diameter gives 720 diame- 
ters per rotation. 



Figure 4 




5. Tha calculation should show 1.800,000 
miles per rotavion divided by 720 diameters 
per rotation, or about 2,080 miles for the di- 
ameter The accepted astrononr^lcal figure Is 
2,180 miles, which means that the student 
measurement is smaller by less than 4%. This 
could be considered a remarkabP accurate 
accomplish mem. 



An astronomical oddity U» the fact that, seen 
from the earth, both the moon and the sun 
measure about In the sky. This Is about the 
width of a pencil held at arm's length. It Is 
because of this odd fact that the moon can 
exactly eclipse the sun at times when they line 
up In the heavens. This a so gives an alterna- 
tive method for doing the problem. If the earth 
rotates on its axis through 360^ In 24 hours, 
then It rotates 15^ per hour. That Is 15 divided 
by 60. or J** per minute. To go i**, then, would 
require 2 minutes, which is the time the stu- 
dent should have observod. Dividing per 2 
minutes by 360^ per rotation gives j.Jn of a 
rotation In 2 minutes, yi-) of the orbital dis- 
tance of 1,600.000 mileit Is the same 2,080 
miles. 



You also know the length in miles of the moon's orbit 
(1,500.000). The following relaiionship allows you to maKe 
the final calculation. 



Diameter of 
moon (in miles) 



Length of moon's orbit (in miles) 



Number of moon diameters in one orbit 
□ What is the diameter of the moon? 

Special note to students on calculating 
the length of the moon's orbit 

Are you wondering how the moon's orbit was measured? 
In Chapter 3 you learned that the moon is about 240,000 
miles from the earth (Figure 5). 

Figure 5 




82 EXCURSION 3-1 



You may know that the distance around any circle (cir- 
cumference) may be found by multiplying the distance across 
the circle through its center (diameter) by a constant called 
V (pronounced '*pie''). The value of tt is approximately 
or 3.14. With this in mind: 

Distance around = t x distance across 

=: TT X 2 X half the distance across 
= 3J4 X 2 X half the distance across 
6.28 X half the distance across 

1 1 Figure 5, "half the distance across" the circle is the 
distance from the earth to the moon. Thus we write: 

Length of the moon*s orbii 

- 6.28 X distance iVom the -'arth to the moon 
= 6.2S X 240.000 miles 
= 1,500,000 niilcs 




EQUIPMENT 
None 



PURPOS£ 

Tr explain how td&at u;it?d for the meas- 
urement of ci>tfononiir.al dr^tances 



What's Radar? 



Excursion 4-1 



This is a general-interest excursion, with 
praciice in using distance calculations. 



What is radar? The name radar was coined from the words 
RAdio /detection And i?anging by two United States naval 
officers, F, R. Furth and S. M. Tucker. Radar is the process 
of using radio pulses to detect the location of an object. In 
the process, very short powerful pulses of radio energy are 
transmitted. They bounce off the object and return to the 
sending station a bit weaker. 

Radar technicians measure how long it takes for a pulse 
to travel to an object and back. The longer it takes the pulse 
to return from an object, the farther away the object must 
be. Thus, by measuring time of travel of the pulse, it is 
possible to determine the distance a target is from the radar 
set. 



MAJOR POINTS 

1 . Radar uses radio pulses to detect tho 'oca- 
tJOM of an ob>*ct 

2 Radio puls^^s tiavel at a speed of 186.000 
miles per second. 

3. The distance to an object can be comp-.ited 
by idking half of the round-rrn time for a pulse 
to travel to the object snd nnck 

4. Many different objects can be loca*^d by 
radar 

5 Radar is mofffcctive in accurately mens- 
uring the distance to the sun. 



v>:a- 



Qi 
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The student may recognize tne speed of 
186.000 miles per second as that of light -^nd. 
in fact, of all eiectromagr.etic radiation Note 
that the 280.8econd round-trip time is for the 
situation wnen Venus is closest to Earth, and 
when Earth, Venus, and tho aun are m a 
straight line. 



Thi< is precisely how radar was used lo measure .the di.s- 
tance to Vonus. Radio pulses travel at 186,000 iniles/scc. A 
pulse of energy was beamed at Venus. Then the radar opera- 
UM- waited until his antenna received the rellected signal. 
Since the round-irip time wa.s about 280 seconds, the one-way 
trip took half this time; that is. the pulse required 140 .sec- 
onds, or 2i minutes, to travel from P.arth to Venus (Figure 1). 



2V3 ajmule$, one way 




\ f 



The student may not know how to uso spj?eci 
and time to I'.nd distance, and may need nelp. 
Speed X time - distance. The anr.wers to 
the th;ee questions are as follows: 

1 186 000 mi /sec < 50 sec/ mm tz 

^ ..160.000 mj/rr.in 

2 11 ;60.000 ml/m:n x 2.3:^ min ^ 

' ' 26.002.800 m. 

3 Same as 2 (26 million m:Ses; 

>'*• w: V- '})': 
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Figure 1 

You probably know how to use speed uud time measure- 
ments to fmd the distanc-^ traveled. 

r]l. How far will a radio pulse travel in 1 minute if it moves 
'186,000 miles/sec? 

□ 2. If the pulse t:ikcs 2.33 mmutes to uavcl from Venus 
to Earth, how far has the pulse traveled? 

□3. How tar is Venus from Earth"' 

Using tho methods discussed above, radar locates airplanes 
and ships, birds and thunders'orms. man-made sa-.ellites and 
planets. The same principle has also been used tu measure 
the disumcc to Mars, Mercury, and of course to our moi>n. 

So far, scientists have not been able to use radar to ac- 
curatelv measure the distance to the sun. Being a body com- 
posed mainly of hot gases, the sun is what scientists call a 
* soft" target rather than a hard target such as a planet. There- 
fore, although radar can give the distance to Venu« lo use 
as a base line in measuring the distance to the sun. it cannoi 
act urateiv tiive the distance to the sun. 
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PURPOSE 



EQUIPMENT LIST 

Protractor 
Ruler 



To acQ'jaiiit tho student with the proper u; 
of a protractor to measure and construe 
angles. 



Angles and Protractors Excursion 4-2 



Th)s is a remedial excursion 



MAJOR POINTS 

1. An angle Is formed whan two imes meet. 

2. The meeting point of the lines is caiiod the 
vertex of the angle. 

3. When two lines meet to form a squaro 
corner, they form a right a'^gle, which con- 
tains 90^ 

4. The angle lhat you Interested iS 
Indicated by a curved line near the vertex. 



6. There are different kinds of proiractor 

6. To measure an angle, a protractor mu* 
cover the angle, with the center pomt on tl. 
vertex and tho C mnrk touching one sid- 

7. To draw an angle of a part cuiar size, dra. 
a line: place- protractor o^^ line with center i 
one end and 0° point on the line; mark a pen 
at the desired angle: connect this point wi; 
the end of the line on vvhich the contor of 
protractor was placed. 



As you open a pair of scissors, the angle (opening) formed 
by the blades changes. 




□ 1. Which angle formed by the blades in Figure I is the 
largest? 

Whenever two Hnes meet, an angle is formed. The meeting 
point of the lines is the vertex of the angle (Figure 2), 



Figure 2 



Vertex 



□ 2. Can an angle have more than one vertex? 



When two lines meet to form a square corner, they form 
a right angle (see Figure 3), 




Figure 3 



=1 



Right angle 



□ 3. List .some examples of right angles formed by objects 
in your classroom. 

Notice ine curved lines used 'o indicate angles in Figure 
4. Sucli a line can indicate any angle you are interested in. 
Right angles are usually represented by a square, as m 
Figure 3. 




Circles are nicaMucu in uiMumg ui«.iu mu. v,^«,i. j.a... 
called degrees, These are not the same kind of degrees you 
remember from your earlier work with temperature. How- 
ever, the same symbol is used for angle degrees. 

Thus a right angle contains W (Figure 5). 



Figure 5 




. — 0 



□ 4. What portion of a circle is a right angle (90°)? 

□ 5. if a right angle contains 90°, how many degrees are 
86 EXCURSION 4-2 iu a complete circle? 



s 
a 



ire 




It your supply of protractors or the ones th. 
?,tudentr> have are different from the one illut. 
trated. you may have to adapt the activitie 

Look at your protractor. It should be positioned with its iso"* to teach them to use the other kmd. 
center point on the vertex B of angle ABC, and its zero 
point on line SC. This is shown in Figures 6A and 6B. 

Figure 6 

B 




Some protractors have two scales. You then use whichever 
one is easier in reading the desired angle. In the followhig 
illustrations, a protractor with only one scale is shown. Fig- 
ure 7 provides an angle for you to measure for practice. 
Activities 1 and 2 show you how to do it if you need addi- 
tional help. 

ACTIVITY 1. Set the protractor on the angle with the center 
point on the vertex and the curved part of the protractor 
covering the angle. The O"* mark must touch one side of the 
angle. Notice that the protractor forms a curved line tike the 
ones you've seen in the drawings so far. 



90* 





>v Vertex 




|0' 


\/ 





ACTIVITY 2. Read the number on the scale that the other side 
of the angle passes through. 




ill 




Figure 7 
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Figure 8 



Measure the angles \(i Figure 8 to the nearest whole degree. 
Record your measurerrtents in Table 1. Have your teacher 
check your figures to be sure that you understand how to 
use the protractor. 




Table 1 



Figure 


Angle (•) 


A 




B 




C 




D 





You should Check fhn amjlos yourself. Angles 
should be as follows. A— 57"; 6—21"; 
C-121"; D-109". 

Now that you have measured some angles, try to diaw 
some angles of certain sizes. Activity 3 shows you how. 

ACTIVITY 3. A. Draw a line, B. Place protractor with center 
on one end of the line. C, Mark a point by the desired angle. 
0. Connect this point with the line's endpoint. 
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□ 6. In the space provided in your Record Book, draw the 
following angles: 72°, 30^ \ \5\ 

Have your teacher check your drawings. When he ap- 
proves, you are ready to return to your work in Chapter 4. 



EQUIPMENT LIST 
Metric ruler 



Scale Drawings 



This IS a remedial excursion that the stiident 
should do if he does poorly on the Checkup. 



Excursion 4-3 

MAJOM FH)l.\ ; s 

1 i: kr. ».. ir;»- • ( .Ml- «)! .1 tii.tvvsii'i /OU r..in 
li. •t- fdurn? I.'- nf 1'' ' ' h,*M.t i'':i'.vi; 

!' 1 h»- rutii.ii '•»»}»♦( t r; ('iijilto thi» 

(Ti<-,j?.ii(n(n:'(.* K.:\ inc »* .iW:fi', tuijUii by the 
sc. lie iJScfl 

A( tual di', '.!•!( r.iM f<iijM(l ffoni a map 
r.\ i:vn(j \Uv • iM thf; saino vvtiy 



If you know the scale used in a drawing, you can determine 
the actual size of the object drawn. Look at Figure 1. It is a 
simple plan for a new building. 

□ 1. What scale did the architect use? 

□ 2, How many centimeters wide is the storage area as 
shown in the drawing? 

□ 3, When the warehouse is actually built, how wide will 
the storage area be? 



Plans For Acme Warehouse 
Scale: 1 cm = 10 m 




Answers to Checkup 

1.16 feet (Consider 15 or 17 

to be close enough.) 
2. 14 feet (Consider 13 or 15 

to be close enough.) 
if you missed either of these 
questions, do this excursion 
before returning to Chapter 4. 



Figure 1 



Parking area 
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Figure 2 



Answers given are m round numbers if yoj 
are consulted about any missed parts to the 
question, you will tiave to use your judgment 
concerning further action It may only require 
a moment of time to straighten out the diffi- 
culty, or it may indicate that the student 
should repeat the' excursion You rmnht even 
want to devise another simple exercise on 
scale drawings for additional practice. 



Your answer to question 2 should be 4 cm. The answer 
to 3 should be 40 m (This results from multiplying 4 x H> 
Remember that 1 cm on the drawing represents 10 m in the 
finished building.) 

□4. Use the information in Figure 2 to answer these ques- 
tions: 




1 cm = 300 miles 



What is the actual distance 

A. from Boston to Chicago? 

B. from Chicago to San Francisco? 

C. from Chicago to New Orleans? 

If your answers to questior 4 were A. 840 miles, B. 1,800 
miles, and C. 840 miles, you are ready to continue with 
Chapter 4. If you missed any of the parts to question 4, 
consult with your teacher before going ahead. 
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PURPOSE 



EQUIPMENT LIST 
Metric ruler 

Practice in Using 
Scale Drawings 

This IS a remedial excufSion that is designed 
to help those whQ are having difficulty find: ig 
the required distances at the end of Chapter 



Tf. f]wi.i ad(^»''M.il pfdctict? in nuMbiirinQ on 
n sciIh (Jr;iv.' i.q .mcJ usmy me measurements 
lO find actual uislaricos. 

Excursion 4-4 



MAJOR POINT 

Actual distar^ f . can bo found by multiplying 
the di'otanccs fii'ia-surcd on a drawig by the 
scale of the drawing. 



How can you find the distances from Earth to the sun and 
Venus to the sun by using a scale drawing? The sketch m 
Figure 1 is a scale drawing. Measure the distances shown 
on the drawing: VS, ES, and EV. Try 



Sun 




^ ^ 

Figure 1 



Compare your results with the figures in Table 1. Remea- 
sure any distances that do not agree with the numbers in the 
table. 




Earth 



Table 1 





Scale Drawing 


Actual Distance 




(Distance in n-m) 


(in miles) 


Venus to Sun (V8) 


43 


9 


Earth tc Sun (ES) 


60 




Earth to Venus (EV) 


17 


26»000,000 



If tne student is still having difficulty at thi? 
point, and consults you. it may Help to break 
the -system" mto its components to try to 
locate the trouble. The system of qetting ac- 
tual distances from a scale drawing involves 
two subsystems- 

1 leaking the measurement. 

2 Converting the measurement to distance, 
under "making the measurement" could be 
the components of (a) using the proper scale 
(If there is more than one) on the ruler, (b) 
placing the ruler on the proper line, (c) havmg 
the zero of the ruler on one end of the line, 
(d) reading the ruler correctly 

under "converting the measurement to actual 
distance" could be the components of (a) 
using the pr ^per- mathematical operation 
(multiplication), (b) multiplying correctly, and 
•c) copying the result correctly 



□1 From Table 1 you sec that 1'/ mm on the drawmg 
represent 26.000.000 actual miles. How many actual miles 
would be represented by 1 mm? Of course, ,\ as many miles 
or 1 mm on the drawing, represents ^ x 26.000.000 actual 
miles = how many miles? 

□2. How many actual miles would be represented by 2 mm 
on the drawing? 

□3. Now figure out the Venus-sun distance for Table 1. How 
many actual miles are represented by 43 mm? 43 mm in the 
drawing represent X 26.000.000 actual miles = how many 
miles? 

n4. Using the same method, you can lind the Earth-sun 
distance. The Earth-sun distance on your drawing is 60 mm. 
How many actual miles are represented by 60 mm? 

You should have gotten about 66,000,000 actual miles as 
an answer for question 3. About 92,000,000 actual miles 
should be your answer for 4. Record these results m Table 
1 in your Record Book. Now return to Chapter 4 and com- 
plete Table 4^2. If you continue to have difficulty, consult 
your teacher. 
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EQUIPMENT LIST 



1 telescoping tube with caps 
1 object lens, 34 mm in diameter 
1 eyepiece lens* 25 mm In diameter 
1 piece white cardboard 
1 meterstick 
Masking tape 

Moon Gazing 



PURPOSf. 

To constfth.t «i s'fnpif* c'lstrofjonucal telej/COpe 
find study ti.»: pruKupios of its operation. 



Excursion 5-1 



This Is a general-interest and extension ex- 
cursion. 



A Dutch eyeglass maker. Hans Lippershey, discovered the 
principle of the telescope. He found that an eyeglass lens 
can focus light coming from a distant object. As light passes 
through the lens, the light rays are brought closer together. 
They eventually cross and can form an image on a flat sur- 
face. The crossing of the light rays produces an upside-down 
image of the object. Figure I illustrates this. 




Focused 
image 



Lens 



Lippershey found that such a lens could be placed in one 
end of a cylinder. A smaller lens, placed at the other end, 
could be used to magnify the image. (See Figure 2.) 



Lens of telescope 




Magnified Image as 
seen by observer 



Ll7 



MAJOR POINTS 

t A lens cin focus light rays from an object 
to form an m Tted image 

2 A lers f. in bft uned to magnify an image. 

3 Thft dr>trint:e from the lens to its focus is 
callod th(- focal length of the lens 

4. The power of a telescope is equal to the 
focal }«np»n of the object lens dividei by the 
focal lonyth of tho eyepiece 

5. An a::tujnomicaI telescope forms an m- 
veilod im;!<i*^ 

G Tho di.iMioUir of the objoct U ' r is a meas- 
ure of \\M! l«qnt*gatnoring ability the Ions 



V 



Figure 1 




Distant 
object 




Figure 2 



Object lens 
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Thr study of U-'ises and their uses m i -<;- 
scopes can be a complete subioct m i!'.oit, 
at)d IS far beyond the cnpabiin- s ot \in: stu- 
dent at this point For your information, the 
type of telescope discussed m th,s excu':. nr> 
IS called a refractor, becauso it f<)Ciis'?s l.ti''t 
by refraction, or bundinq The larye^st refi'icl- 
,ng telescope of this ^ nd is the 40-.nch wv 
strument at Yerkos Obse.vatory. This is about 
thirty times the diameter of th'> 34-ni,i^ n-^ 
used here The light-gathprimj ability i£ P'O- 
port-onal to the square otthe d ameter. sii the 
Yerkes mstriinient collects 30 squaitU or 
900. times as much liyht Instrumnnts lauier 
than this have been found to bt; impiactic.d 
because of the tendency of the iun)e U-ns to 
saq distortinq the iina<)f Thus, al' thf> i.r.jrv 
leifscopos tori., ,■ are rctier-tors. wiucM form an 
im.ige by the inflection of light Tho r^i^rror 
, .1.1 be adequately suppoited fiom the 't\\r. 

mere is litti ? di'Morfion Tfie l.nqest ot "lu'.t; 
in us.: at present .s tno POO-mr.h Halo •■•.'■•i.- 
U,r vvtiich M.,tt-.-rsovor :;;'.000 t.nios .i'. ' m. 
liqt.t as your l.;ile lens VV,th Ihi-. ni- . 't nf 
lujut to work v.. III. ey. |...- .>■-. .:an i)..' u:.' i; tti.i; 
qivc tieit.ei-uiou-. ir^a.;-. i I'.ons 



b-XCURSiON b■^ 



Lippcrshey probably didn t ihink of using his telescope to 
look at the IL or moon. But others who heard ot the new 
eadaet did. Soon instruments were being made just for tha 
purpose. One person who made his own telescope and used 
it for sky gazing was the scientist Galileo. W^ yo^^^ 
heard of him. He's the same fellow who tested the idea that 
objects with different masses fall at the same rate. 

People who use telescopes don't just want to see distant 
objects. They want to see as much detail as possible. R, 
understand how this is achieved, you need to know a bit more 
about the lenses in the telescope. 

The distance from the object lens to its focus is called the 
focal length of the object lens. Likewise, the distance from 
•the eyepiece lens to its focus is focal length of the eyepiece 
The power or magnitication of a telescope is calculated 
by using the following equation. 

Focai length of obje ct lens 
Power = -jj;;-jfi-[^th of eyepiece 

□ 1 Suppose a telescope has an object lens with 3()-cm focal 
length and an eyepiece lens with S-cm focal length. Deter- 
mine the power of the telescope. 

The greater the focal length of the object lens as compared 
with the focal length of the eyepiece, the greater the mag- 
nification. However, when you magmty si/.e, you als mag- 
nify motion. So the greater power the telescope has, the 
"eadicr you must hold it. i-ven the slightest -mon may 
make the image seem to tloat, bobbing up and do^^n and 
sideways like a cork on a windswept pond. 

; -i2. Why must giant telescopes ai obse.vaiones rest on mas- 
sive concrete foundations? 

Perhaps vnu'd like to construct an instrument similar to 
the one Galileo made, and use a a> he d.d-to observe the 
surface of the moon, its cra.ers, n,-a plains (called seas), and 
mountains. If so. you will need tne following equipment: 

1 cardboard lube. 40 cm lo.ig. wuh mside tube and end 

1 ob)cct lens. 34 n.m in diameter 
1 cvepieee lens, 25 mm in diameter 





1 cardboard, 15 cm square, with white surface 
VIeterstick 
Masking tape 

In order to know the power that your telescope will have, 
you need to find the focal lengths of the two lenses. Be careful 
in handling them. Do not drop them, as they break easily. 
When you are ready to start, go to the darkest part of the 
room and prop the cardboard flat against the wall. 

ACTIVITY 1 . Hold the object lens (the larger l^ns) by the edge, 
in front of the cardboard. Move the lens toward or away from 
the cardboard until a faint Image of a distant object appears 
on the cardboard. The distance from the lens to the cardboard 
will then be Its focal length. Use the meterstlcic to measure 
this distance. 



Cardboard 
on wall 



FiiiciiiKj the U^L.\\ U?i g:hs of the two lenses 
can tx? ttirky Vj\\h trip nuahud illiistrattd. it 
IS imperative l>ave a darkened area where 
the image r.*;. he formed. You mujht have 
yreai<:r suC(,i.-.*.i with the following alternative 
method. 

Pluq m a 1!jO v.,itl l>uil) -md socket. IL./o the 
student st;t ' *. whitt-' c.ird. metersttck, and 
Ions about f. i.'t uway fro. i tfie h«jlb Focus 
the liijht (jnl'> the ca/d by movincj tli-.. lens until 
. '0 sm^tHet.t t.iiarp spot of hgfit is fornjed. The 
dist.uice fioiii the lens to the card will be 
>.'or.c cnow'jM t'^ the art'.:.*5f foca! I'^f^oth for 
student ui," Pun method may bo used with 
tfie room lnjfit*'d 




□ 3. What is the focal length, in cm of the object lens? 

Repeat Activity 1 with the eyepiece lens. This time the 
focal length should be much shorter. 

□4. What is the focal length of the eyepiece lens, in cm? 

□ 5. Using the equation given earlier, cidculate the povver 
of your telescope. 



The i<-nc«r. i.. . :«t?ri ,ife •.iippo'-.cci to have 

f(.rcil iMuiP.'- ; • :^ (.ni ui'l 4 (,n\ respectivcry 

(ouf.'!/iou'-. »i -Ij Tih-- means that the 

poAe: '.n • n [i .mII he .< IrtlM-* Over 11 

Y. ,u in.i\ V. ' rh< c^ i^ hm s trut are 

■.i.pi)in'(l [t- .■ ' I-v •) f) V/'" (jiv-- vou afi 

a{-pruxir»i.j!. ' ■ 1 .vjiLT v' t'.»' 'jijm i' focal 

fiCjth', 



Now continue with the telescope construclion. 
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ACTIVITY 2. Remove the two caps from tl^e ends of the sliding 
tubes. If the pinhole disk or the acetate grid disk Is still In 
either of the caps, remove it and return It to your teacher. 




Small end 



Large end 




An 11-power telescope is comparable to the 
ones Galileo constructed. At a magmficaiion 
of 11 diameters, tiny motions are maymfiod 
the same amount. The scope must be stead- 
ied =n order to see anything clearly. 



ACTIVITY 3. Slide the larger lens into the large cap and the 
smaller lens Into the small cap. Be careful not to get finger- 
prints or dirt on either lens. 



Large ca^^^^/^ I ^^^^^ 



Small cap 



ACTIVITY 4. Replace the caps on the tubes. Secure them with 
small pieces of tape. 



i 

Take your telescope to the window. Rest it on the ledue 
or agaij|ftt-thc window and point it toward a distant object 
other iMin the sun, Hold the eyepiece close lo \our eye. Slide 
the ourer lube out or in until you can .see a sharp image. 
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Safety Note Hi'tnanhcr. J<> not li><jk ai sun. 



□ Describe anything difTerent about the image thai you 
observe (different from what you would see with the naked 
eye). 

Besides magnifying, your telescope did something else that 
was unusual. You should have described it above. This is 
a commolf trait of astronomical telescopes. However, it is 
not boihersome, 

□ 7. Why is the unusual trait not bothersome to astrono- 
mers? 



♦ » f h» • If'. , • .•. HI V . r : . T .• • (1. ... M; T Mi » 

tMit IS H' .t I '••ti» r; oiti. 1' • vi .u.)' . Mi::rb tqu^b- 

till "11 '/,'hi ' .J (t 1 .;i nli;\ J r. VK»W0(1 JtJ- 

tfj'fio.'My {W^'OW'ti'i,; '» l««T..njsr. 

ta!/ Iht: i:.»: oii.liM*? iu»i.'(] <;«>.v turned 

Ij; U m-.,' • . :■ I' . i.in.} i (il.iS'.O*-.. 

, ) it r. : • f.-.r- . t . .♦«• 11:1 , rivf?: !/■{]. 

. j.-v ! ■■ . .11. J . v'iM'v ff tiiat \hi} 



Your telescope will give maximum magnification when the 
distance between the lenses is about equal to the sum of their 
focal lengths, 

□ 8. How far apart should the lenses be in your telescope 
to give it the maximum magnilication? 

ACTIVITY 5, Sight a far object to adjust your telescope for 
maximum magnification. Then measure along the outside of 
the case to get the approximate distance between the two 
lenses. 




Any dilVerence between what you measured in Activity 5 
and what you predicted in question 8 will be due in part 
to individual eye differences (assuming thai you answered 
question 8 correctly). 

incidentally, if you were to buy a telescope, field glasse^. 
or bmoculars, you might see two numbers listed in die de- 
scriptive literature. You might, for example, see x 3u" 
(read ''eight by thirty"). The first number is the power -in 
this case, a magn»tication of 8 limes. The seci)nd number 




97 



9. At faca value, the descriptive numbers 
would be 11.3x34. Actually, the power 
would probably be given to the nearest whole 
number-ll. Examination of the telescope 
shows that, although the lens is 34 mtn in 
diameter, the Inside diameter of the larger 
tube limits the effective size of the Ujns to 
26 mm. Thus, the numbers coulrf better be 
statecJ as 11 x ?5 But even with only 25 mm 
usable, the little telescope has .emarkable 
light-gathering ability. !♦ has a diameter about 
6 times as great as the pupil of an eye. so it 
would gatl^er 25 times as much light. 

You will have to be the judge on the use of 
the Instrument outside of schrol. Actually it 
can be a stimulating experience for the stu- 
dent. With a similar instrument. Galileo 
mapp<»d the surface of th(» moon, described 
the oppearance of mountains on the termi* 
nator. discovered 4 moons of Jupiter, and 
observed the phases of Venus. 



gives the d.ameter of the object lens in millimeters— in this 
case 30 mm. The latter figure is important. It tells you the 
light-gathering ability of the instrument. The higher this 
nuHiber is, the more light it allows to enter the instrument. 
Instruments with greater light-gathering ability work belter 
at night. 

□9. Give the descriptive numbers for the power and light- 
gathering ability of your telescope. 

Now that you have made a telescope, ask your teacher 
if you may use it at night to observe the moon. You should 
be able to identify some of the moon's features. 
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EQUIPMENT expi.iiii f,..w prou nt cait fidar came 

into bpifffj .ifui ti» *:(imp nf the Changes 
None ttuit haO hkuIc iri ordur to iiso it. 



The Night That 
People Lost 10 Days 



Tdis is an excursion for genera) interest and 
extension. 



You've probably heard the story of Rip Van Winkle, who 
slept for 20 years, but have you heard about the night the 
people of Rome, Italy, actually slept away 10 days? It seems 
incredible, but in 1582 everybody in Rome went to bed on 
October 4 and woke up on October 15. Even more re- 
markable is the fact that the next day, October 15 in Rome, 
was only October 5 in London, England! How this amazing 
turn of events came about is the subject of this excursion. 

The story goes back a long way — to a limo well before 
the birth of Christ. In those early days, people found it hard 
to predict and describe when important events were going 
to happen. They used events such as the arrival of certain 
kinds of birds or changes in temperature to measure the lime 
of the year. Of course, these methods were not completely 
satisfactory. Bird arrivals and temperature changes donU 
happen at exactly the same lime each year. 



Excursion 6-1 



MAJOR \'(mr6 

1 A Ccili'f !s a by'.tom of tim«'keeping 
oa^.^jd on '.''*'io ftrtjalar event. 

2 Thrt'i; p.- : ,'b(t» roguln' evonls are the ap- 
pL-aranco nf a full tr.ood. a sii .nt^o or the 
comiruj D*. ' i 'M.tj 

3 Prub.il tirra calendar wa^i: made mure 
than 4.000 \K\.r^ a(jo 

4 Thf? Rofp.ifiR m;^r1e stonifiCAnt r.h.jng***? m 
the cakr'KJ.it 

5 A chuM M ijocr<:o Sf*ttin(j the timo 'or tht 
celebrate » > '.'f Fla .ttrr ns the first Si » .day or. 
oi after ttM- ti/sl full nioon afic t.'ie i«rst day 
of spr'rjq m ces^sitaUMj fu'^her changes m the 
caUMidar 

f) V'^iion ll'c ;i#?w Cif»'vjurian c.il^MUjar was 
adMptrd. it hrcarnt? Moce'ob<uy \.j adjuut the 
dato acc<:>r'li/i.'jly 

/ Iho r.li,ii';;:fi<j of (jaie'j .nuj dropping of 
days cau?i».Ml m.iny diftuajlties 





Althouqh the thrm) regularly occurring ewsits 
listed horo can bo usod as a basis for a cawn- 
dar you cannot assumn that they are r.ol 
subiect to variation. Because of friction of tho 
tidai forces on the earth's rotation, the e;Mtn 
is'sJowi nn down a very tmy amount Thus ttio 
rotalino earth is not a perfect clock, or time- 
keeping device In addition, because of tiv? 
slightly elliptical orbit, the speed of the earth 
,n Its path around the sun is not uniforn. It 
speeds up in the winter, when it is clos*^ to 
tho «?un. and slows down in the summer, when 
i\ IS farther away. The effect of this change 
in speed (and of the obliquity of the e'^l«ptic. 
or sun's path) »s to make the time between 
succossive sunr.f es different m the diffcent 
seasons of the yoar-«som^^tlmes greater man 
V.A hours, and r^ometimes less. 



To solve the problem of knowing the time of the year, 
people had to develop a calendar-a system of timekeeping 
based on some regularly occurring event. They found that 
at least three such events could be used. 

1. The time from one full moon to the next 

2. The time from one sunrise to the next 

3 The time from one spring to the next (Astronomers 
determined the first day of spring by observing the exact 
time the sun passed a particular point in the sky on 
its north-south journey.) 




EARLY CALENDARS 

T ii.Tftiruir..- cofnt in the sky that is usod to 
(J. •..•fi:;i,i.' tUf 'i.';t riay nt spnru) charujes .ii .<) 
1h'- c.irti' spiiii'tiuj on its axis as it rovuivcs 
.tii..i^u1 int.- niN. wobbif s somuwli-it liko .1 
■ ),.:•.; tcr Th' tTif.arv, that the Nor;.! P-."<- 
t> i.t-. M a iM'- !'.''it SiHjt in the tieavons .i-tl 
itu- pi. tee wh. II- ti.f^ .ii.;-M/ont path of tho i.uf 
1 i I .■ ■.• ti.il f ii:.tt.if. raiiod tho 

:,.>^ nunc-. .1 > Diiiiii^i .1 hfotiin.' tn- 



•Mil. but iM ti e ;' ceo 



locating -th* fiisi <4iy of ifring ymS )n ^ 

cc.-.stcii.it'on i:( Aiies. tt:e Ram N.jw .t is lo- 
cated a who-.' constellation away. i;i fisr.cs. 
thf Fishos I3u. astrormmors can still ioi -ite its 
onact positii '1 t-ach year 
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The Sumcriuns lived more than 4,000 years ago m what is 
now Iraq. They were probably the first people to make a 
calendar. They u.sed the phases of the moon to dctermmc 
how long a month was (about 30 days). In ihc Sumerian 
calendar, twelve lunar months (360 days) made a year. 

□ 1. How many days shorter than our year was the Sumerian 
year? 

The Sumcnans tned to make up the difference between 
their vear and the amount of time that passed between 
springs by adding an extra month about every fourth year. 

□2. About how often should the Sumcnans have added a 
30-day month to gel a year as big as ours'.' 



As vou am nrohablv see, there were prDblenis with this ifi. i-... ..•.!•:. f-.,. tuin.:.. : :..h.inmMi 
calendar. The bumenans were never able to adjust tncir m.,..u.,i. i.ujntr.tfs. n. 

calendar so that the seasons arrived in exactly the Name i. t./mj .... u-. :».• tir.t ci,;/ n? 

month each year. Although the Greeks, the Hebrews, and ihc ' * '""'V*-'^ 

Egyptians made improvements in the Sumerian calendar, the 
problem continued. 

The calendar of the early Romans was also based on the 
phases of the moon. The Roman year was 355 day.s long. 
The months that corresponcled to our March, May, July, and 
October were 31 days long. February had 28 days, anu each 
of the other seven months had 29 days. I he Romans, like 
the Sumerians, added an extra month cvcrv fourth year. 

The word calendar comes from the Latin ^ord ka/enJac 
(he Hr^t of the Roman month. This was tin* i\:\y \hi\\ accounts 
were entered in an account book {kaletiilarium) and paid, ^'ou 
can .see that the custom of paying bills on the first ot the 
month goes back a long way. 

I'he Roman high priest kept track of the calendar. On each 
calends, or day of the new moon, the priest announced the 
phases of the moon for thai month. The first quarter phase 
was called the nones. The full moon was the ide.s. 




; ;3. Vou mav have heard the taniuus quiUe from Shake- i*. vmi i s-,. . (Ium.o»u.'..,% frth.'Oihday 

.speareVs Julius Caesar: "Beware the uies of March.'' What is " *' * ' '^^ 

meant by the ides of March? LXCUliSlON C-i 101 



JULIUS CAESAR^S 
CALENDAR 



Without leap V'-'t-'^ ''''^ V^-'^f'"^ Jar-tM^y 

would be the tr.-.cuiU^. of sunmior Iho NoMh- 
crn Momispheru. nnj July would be a 
month. 



The ruU: tor Vno vf.*!ffi:iination ot the a.jt*: Tor 
Fj--.!t^r ;«J Sl'il tfi. s.irr.e Thus, b^.'lwffti a t> 
1800 -md A 0 ?OhU the cr!L*r)r.'itt('n fallb o>. uH 
the Uati?s tfciii V-^rch 22 to April 2!>. 



4 'f stjO».* "t ci ** 
c«*'fr'^e'->-:^at , on Vo-cn 2. 



c - « 



«L full moon iMa) dby, ihen t+« f nt SuncVn/ 
ett«r the f\f5tfuU moon oi\ Or oftt r MartW 2t 
M»ulel b« Waixh 22 tf Meweh 21 oanw on 
ivn^y Qnol-t^rf imos ft moon -f^ 
bffort, M«»«h 20, -then tha r\e>ff Wl rtyjon 
vwouW b« a lunar rwonm later, a^i d<>ys) * ' 



S 'Ca, Apr 
fh i? 15 A;)ril 25 



,:i-.J 



f.'St S^- Jn, 
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By 46 B.C.. the Roman Emperor Julius Caesar had become 
quite unhapny with the Roman ealendar. Because the high 
priests had done a poor job of keeping track of the calendar, 
the summer months were now coming in the spring. To solve 
the problem. Caesar introduced what became known as the 
Julian calendar. 

The Julian calendar was de\ised by the i:gyptian astrono- 
mer Sosigenes. It had a 3b5-day year (10 days longer than 
the Roman calendar). The extra 10 days were added to the 
months with 29 days, makmg them identical with the months 
on today's calendar. 

The unique feature of the Julian calendar was the extra 
day added to every fourth (or leap) year. This produced the 
same result that adding a quarter of a day to each ye;'r would 
produce. In elVect. this meant that the Julian year was 3<o» 
days long. This is almost, but not exactly, as long as the e..rth 
takes to make a complete turn around the sun. Because the 
Julian year was only a few minutes per year longer than the 
earth year, the change ot season.s occurred on almost the 
same date evcrv vear. . r 

We would pro'babl) be using the Julian calendar today it 
It were not for something that happened a.d. 325. That year 
there was an important meeting of church officiaK in Nicaea 
(m what is now Turkev). At the Council of Nicaea. the bish- 
ops decided that taster would .>e celebrated on the first 
Sundav after the first full moon that occurs on or after the 
first dav of spring, a.d. 325 the first day of spring occurred 
on March 21; this meant that f . aster could not occur betore 
March 22 or after April 25. 

: j4. See if NiUi can e.xr^lain I. aster u.Hild ha\e W- v)cciir 
\K\[\un these' dales m order to iiKot the council requirements. 



Over the years the few minutes' dillercnce. between the 
time it takes the earth to go around the sun and the 365.| 
days in the Julian calendar began to add up. In fact, by the 
year 1562 it added up to 10 full days. That year the lirst 
day of .spring came on March 11 instead of March 21! This 
meant that Easter would be celebrated at a time beft>re 
March 22. This violated the rules of the Church. 

Pope Gregory decided to fmd some way to change the 
calendar to make sure that Easter would be celebrated at 
the proper time. This decision led to the 10-day sleep men- 
tioned at the beginning of this excursion. The pope decreed 
that the day following October 4, 1582, would be October 
15. He also directed that, in the future, leap year would be 
omitted about once every 128 years (This made the calendar 
year almost exactly the same length as the earth year.) The 
dropping of the specilied leap years was designed to keep 
the tirsl day of spring on the same date so that liaster would 
always be celebrated at the proper time. 



1 III! lilt..'! • 
.itH.llI 1 1 . 

8 il.iys m 1 
I fill.- 1 1 :-M 



;ti f.'li' iti"ii!ii»:.' •! t.i !t; A.i'.. 
: •. ; '-I y. .11 Itl.i! .; Mil.l'it-. to 

I vcti:. I imii A I) ;-;.'f> to A D 
,f .} ti 1 tiHit; ti i I '5 tl»iy' . 



ActiLiilv ti.. . i:! .;- TLi'i 'II .' tiv • only 

|!ii; (.<'iiiijiv :..;'i-.>) ^,o:\i^. that nif> (I'ViSil.lo fty 

. - T ... . .• .rr 

aiXl -.lllJl^iU ; .. i-.t.i yi.l.J 11.11- •• ,v,f.< 

is^ii-) .Ml'', ;Mun h.ivc 111) lc't)Midiy 29. 

(mjI ilic yiM' .'!)()0 (J'li.-S li.ivf.' till- <'/li- O.ly 
Till', puts ti:'- ■ .■••■i.d.ir (ciiMfk.iOly (. iw... to the 
iifdi'i.try yi' 1' "rC (IilliTi'iu.c i'. !•■■.:. tli.ui llflll 
,1 iriiiiuh' .1' ) li"? ( -il' "'111' A-ill ij' ' '■•'<-'P 
o'lly f i;..; rvi'fy .1.000 yi-ar!> 



I he new calendar proclaimed by Pope (Jrcgory became 
known as the Gregorian calendar. The Ciregor.an calendar 
set .lanuary 1 as ihe beginning of the year. Until then, the 
year had begun in some couniries on December 25, in others 
on January 1, and in still others on March 25. 



THE GREGORIAN 
CALENDAR 
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The Gregorian calendar was adopted immediately by 
countries with large Catholic populations. Protestant coun- 
tries, and some countries in the Middle Hast, continued to 
use the Julian calendar. For example, the new calendar was 
not adopted in England until 1752. By this time, the English 
had to drop 11 days, not 10. Many Englishmen resented the 
change and held protest marches, crying "Give us hack our 
1 1 days." Most Middle Eastern countries didn't adopt the 
Gregorian calendar until 1923. These countries had to drop 
13 days. The Chinese adopted the new calendar in 1912. 

□ 5. Can you explain why it was October 15 in Rome and 
only October 5 in London following Pope Gregory's decree? 

The argument over which calendar to use has caused all 
sorts of trouble for people who study history. Historical dates 
depend upon what book you read. For example, George 
Washington was born either on February 22. 1732, or on 
February 11, 1731, The difference depend.s upon whether or 
not the writer dropped the 1 1 days and whether he con- 
sidered the year as starting on January ) or on March 1. In 
fact, some books list Washington's birthday as February 
1731. 

The Pilgrims landed at Plymouth, Massachusetts, on De- 
cember l\, 1620. According to Governor William Bradford, 
they began building their first house on December 25, 1C20. 
By the Gregorian calendar, however, this was January 4, 
1621. 

Changing the calendar has cau.sed legal problems, too. 
Some landowners in Englanc tried to collect rent on their 
property for the 1 1 days that v ere dropped from the calendar 
during 1752. The British Parliament had to pass a special 
act declaring that salaries, rents, and interest would not be 
collectable for the 1 1 lo^i days. 
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puRPOsr 



EQUIPMENT 
None 



Matching Wits 
witti Galileo 



This is a generaNnterest and oxtension ex- 
cursion. 



According to the theory of Ptolemy, an ancient Greek as- 
tronomer, the earth is at the center of the solar system. In 
other words, the planets and the sun move around the earth 
(see Figure 1). Ptolemy's theory holds that Venus is closer 
to the earth than is the sun. Further, the theory holds that 
iS Venus travels around the earth, it also moves in another 
circular path. Figure 1 shows this as a motion around point D, 
Ptolemy also believed Venus and the sun move in such 
a way that at any time a straight line can be drawn joining 
the earth, the sun, and point D. 



To exarnji'."- tlu? lucjic used m (J«;cidjng be* 
tween the? Ptolemaic and Copernican models 
of the soKu ijystom. 

Excursion 6-2 



MAJOR POINTS 

1 in the niodfil of the solar syblem pro- 
pounded by Ptolfciny. tho earth was at the 
center of tne system 

2. Ptolemy believed Venus and the sun moved 
so that <\ straight line could always connect 
the earth, the sun. and the center of Venus* 

epicycle. 

3. Copern.cus proposed a modol with the sun 
at the Ct;ntc»r of the system, and the r>lanets 
revolving around it 

4. As obb(?rved with a telescope. Venus 
passes through phnses much as our moon 
does. However, it also changes m size, more 
than the moon does 

b. The ch.mgc in shape and sj/o of Venus 
supports ino CoperiuLan modt*l of the solar 
system 




Figure 1 



For your rnf. irmntion. but not imf«orN:'it for the 
student, vy the fact that m the r^tolomaic sys- 
to'H. poi»'t 0 in its :..icce.%sivG positions is 
called a (n»^?f(;nt As you can see from Figure 
1. a vjew oi Vonub from the eaMh. with the 
sun alw.iv . farther away could never show 
anything iiujro than a thm cre-»cent. 
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Figure 2 

A view of Venus frum the earth in the Copcr- 
nlcan model (Figure 2) should show phases 
of the planet, all the wpy from no light (a "new 
Venus") to a full orb of light (a "•full Venus"). 
Moreover, because of the large change in 
distance between the earth and Venus in this 
model, there should be a distinct change m 
the size of the planet's image, 




Copernicus believed the sun is at the center of the solar 
system. He believed Venus and the earth (and the other 
planets as well) move around the sun (see figure 2). 



106 



Figure 3 




Galileo tried to decide which of the two theories was 
correct. With a telescope that he made, he ob^ rved Venus 
for two years. He observed some interesting changes in the 
appearance of the planet. What he saw is shown in Figure 
3. He found that the shape of Venus changed, very much 
as the shape of our moon seems to change. Galileo realized 
that he had all the information he needed to decide definitely 
whether Ptolemy or Copernicus was right. You have all the 
information that you need, too. Match wits with Galileo. On 
the basis of the telescope evidence and Figures 1 and 2. tell 
which theory you support "and why. 

□ 1. Which theory do you support? 

□ 2. What are your reasons for supporting the theory? 

Hopefully, the student wiil choose the Coper- 
nican model. The change in shape will be the 
more likely reason for support, but the change 
in size IS of equal importance. Together they 
form a strong -ase 



EQUIPMENT 
None 

Power 

This is a remedial-review excursion. 



Suppose a house stands on a hill beside a riven The house 
catches on fire. Naturally, the owner would like to get water 



PURPOSE 

To explain the dtfference between energy and 
power. 

Excursion 7-1 

MAJOR POINTS 

1 The time it takes to do a given amount of 
work IS important. 

2. The rate at vhich work can be done, or the 
rate at which energy can oe transferred, is 
called power 

3. A watt of power i ^ equal to one newton . 
meter per second. 



Figure 1 





from the river and put out the fire. If he had no help, he 
could try to run back and forth with one or two buckets, 
carrying water to throw on the fire. But if the fire had much 
of a head start, he would lose his house. 

If the owner had enough neighbors with buckets, they 
could form a double line, handing full buckets up and empty 
buckets down. Certainly more water could be carried to the 
house each minute this way. The chance of saving the house 
would be a great deal better. 



Figure 2 




If a fire truck with a powerful pump and a long hose came 
• \ along, it would be even better. More water per minute could 
\ be transferred from the river to the house. 




Figure 3 



If the student still has Irouble understand.ng 
the concept of power, it is conceivable that 
the ditficully lies in an inadequate knowledge 
of energy You may want to suggest repeating 
Excursion 2-1. 



What is the point of the story? Jusi this Almost always, 
the time it takes to do a given amount of work is quite 
important Given a long enough time, the owner by himself 
could have carried any amount of water from the river to 
the house. But after the house has burned down, the water 
does no good. 

In the language of science, the rule ai which work am he 
done, or the raie ai which enerf^y can he iransferrecL is alnu)si 
always very important. The real ditlerencc between a man 
with a bucket and a fire truck with a pump is the rale ai 
which each can do work. 

Science has given a name to the rate i)f doing work, or 
the rate of energy transfer. The name is power. 

The power of the sun is the amount of energy per second 
it sends out into space. This power can be measured in units 
called watts. If you had Level 1 of ISCS, \ou may recall the 
definition of a wait. 



1 wall — 



1 newton * mete r 
second 



Remember, calculaimg the wattage i)f ilic >un means cal 
culatmg the energy il produces per secoiuL 
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EQUIPMENT 
None 



Tn pfovid*' M ^<i!i'f fi.itivf* sno'^'-.i -..thod for 



Using Squares 

to Measure Distance 

This IS a mathematical extension excursion 



Excursion 7-2 



MAJOf^ f'O.NiS 

1 When V..- (Iistt!iH.*> fic)/n frw 



r.iti.ii to ihe 



In Chapter 7 you set out to measure the wattage ol the sun. 
One way to do this is to use the process shown m Table 7-1, 
All that table calls for is doubling the distance and mulli- 
plying the wattage by four until the distance reaches 
15,000,000,000,000 cm. But this is a rather slow process! 



Jilij^ C.t IS ri.".. ♦:()![» ij li,' ,UMU* tti'J ti.ff pOWOf 
uflM(;s(nJf» » "MlMt U? /nulti|ilrt;Vl hy tflt* Uquate 
uf itMit s,ii:.-' f.t..lor 

Tu S(4u.if'' a numiAff. yuu '.nnUu^y »t by 

;j lo firO li.r po\Aor of fho i^uty you Oivide 
tho distfififf fn ttio sun hy thf* rt»<;t.inro tnnt 
.1 f)0-wtifl huit) must be ffom the pyf ru.'iiornetor 
\c) urociufx' Wnf s;rne temperature <.ridugo as 
tMr. M/n yfii. ••.(^u<ire fhis resuif a/id t^'^ 'i multi- 
i)"V the nun ;,j'r yuu yot fjy 50 w.itts 



This problem could be solved more ea^ily by using another 
apprwiach. The key t(^ the solution can be found in the rela- 
tionship between the numbers in Table 1. These data show- 
how the power of a light source must be increased to gi\e 
the same amount of light as its distance I'rom the object 
increases. 



WHAT'S WATTS? 





Table 1 



Distance to 


Power of 


Light Source 


Source (watts) 


10 cm 


5i) 


20 cm 


20n 


40 cm 




80 cm 


32U) 


93 million miles 
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Take a close look ai the next table of data. It points out 
some important facts about the distance-power relationship. 



Distance 
to Soufix 


Amount of 

Increase - 
in Distiou 


Power of 
Source (wativ) 


1 

Amount Power Source Must 
Increase to Give Same 
LigJjt as a 50-watt Bulb at 50 cm 


93 mil. miles - 


2 times 

— 1 

4 liijies 

8 ti^es 

? tim^s 




" 4 times I 

1 64 limes 

^ ? tilP'TS 



In Problem Break 2-1 
powor of the bulb was 
distance varied, the 
temperature change a' 
verse square That is, v 
doubled, the temperai 
much (1 over 2 square 
the sun the lemperatu- 
stant. and the power vd 
of the change 'n distai 
distance is doubled 
times as much {2 squ. 



Chapter 2. when the 
held cor .tant and the 
relationship between 
d distance was an in- 
/hen the distance was 
ire change was \ as 
I) In the problem with 
»^ change is he'd con- 
nes as c1\:ect square 
CO In this case if the 
*io power iJiusi t>e 4 
■ed) 



When the original distance of 10 cm is doubled, the watt- 
age of the source must be made four times greater (200 
watts = 4 X 50 watts). When the origmal distance is in- 
creased four times, the wattage must be made sixteen times 
greater (800 watts = 16 x 50 watts). 

□ 1. According to Tabic 2, how many times greater must the 
wattage be if the original distance is increased eight limcs^^ 

Note the relationship between the times increase in the 
distance and the times increase in wattage. 



Table 3 



Distance 


Wattage 


Increase 


Increase 


2 times 


4 times 


4 times 


16 times 


H times 


64 times 



Tiie rchUioiiNlup bcl^vccIl nurcasc in diNlaiicc and increase 
in wattage is called a 'Vsqnarcd relatii)nship." A number 
multiplied b> ilself is said lo be ^'squarcd/' l he square ol" 
110 EXCURSION 7-2 2 is 2 X 2, or 4. 



[:j2. What is the square of 4? 



□3. What is the square of 8? 

Now how can all this be used to determine the power of 
the sun? You can calculate the number of times 10 cm must 
be increased to become 15,000,000,000,000 cm (the distance 
to the bun), 

rj4. How many times will 10 cm go into 15.000,OU(),UOU,UOO 
cm? 

Now square your answer to question 4. Then multiply 50 
watts by that number. The result will be the sun*s power 
as calculated for the data given in Table K 

However, the 10-cm distance measure in Table 1 was used 
to illustrate the method of calculating the sun's power. In 
Chapter 2, you actually compared the sun's effect with a 
50-watt bulb. In question 2-18 of Chapter 2, you recorded 
a distance measure. This was the distance a 50-watt bulb had 
to be from your pyrhcliometer to give the same temperature 
change effect as the sun. 



15.000.000,000.000 cm 



j<;My s <<ij» .::on id Um Ctiittn>n hcvlow is very 

..;.fij[^ir. r." f.r.i»M -.v.iy to t,.!/* i huge- 

ii\,n\\}f'f : ,%»th s(.u r»li*ic iiot.itfon You may 

w mt to t; f,N; th<' :.ijt'|*?ct w;tii • ♦ in«» of your 

nioM: ( ..: ii'U? stufi*'i)ls \ iir if)btanco 

IS 000. f;c. {)()(). 000 f:ni is 1 ft . 10' ' cm Tho 

j/wwer »^ V t til tht/ 10 IS tiv^uai hi the fiumbtff 

t . • J»>(jn)al f)«nrjt lo iTiMve(J if this 

lM;rnh*'r : . ,! .,cJc;'.I t?V 10 Cm, Ill QueStlOH 

4 tht? .1? i:. 1 . 10 This numbtjr 

•..^ua/".! i:. :■ :•:) • lO ■ Muit-i^iii-c! o dOwatU; 

i:^;.*t'*^ A/itf',). iiuf pij.vfr i.tf tho sun 

1 i- w.it!'. 

['.' «.tjft' !^ .t T»m' mimhof of i.rn ••0 li tJivrOO 
Hit I t!,«- '.;) 0''(J {j()U Jhf or,e ffO-Tl 

vii.i'MKifi *>y If . Chapttjf «ii!c! n(:( thu lO-cm 
'«.iinpii} 

'y As i) V ■ :«. f,M,ipti'i /. Uu* ••ufi r ivver is 
■ if tunliy iI' Mit / ^ 10-' wai»s. of i, ^ 10 * 

hlif St^Hu*. • ■ 





r '5. Now use that distance measure to calculate the power 
of the sun. 



I WONDER HOW YOU SAY THAT? 
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